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THE KNOWLEDGE OF BODIES. 



CHAPTER I. 

SXTERNAL PERCEPTION AND THE IDEA OF WHICH THE IDEA 

OF BODY IS COMPOSED. 

!• To begîn wîth the knowledge of bodies. What îs there 
within us when we take cognizance by our sensations of an 
externàl body — ^when, for instance, experiencing tactile and 
muscular sensations of cold, of considérable résistance, of 
nnooth and uniform contact in my hand, I conclude that it 
is resting on marble ; when, casting my eyes in a certain di- 
rection and having through the retina a sensation of reddish 
brown, I conclude that there is a round mahogany table three 
paces from my eyes ? A phantom or hallucinatory semblance. 
— ^The reader bas already seen the main proof of this.* But 
the Paradox is so gpreat that it will be well to présent it anew, 
adding to it the complementary proofs. 

In order to establish that externàl perception, even when 
accurate, is an hallucination ; it is sufficient to observe that its 
first phase is a sensation. — In fact, a sensation, and notably 
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a tactile or vîsual sensation, engenders, by its présence alone, 
an internai phantom which appears an extemal object. 
Dreams, hypnotism, hallucinations strictly so called, ail sub- 
jective sensations are in évidence as to this. It matters little 
whether the sensation be purely cérébral and arise sponta- 
ncously, without prelîminary excitation of the peripheral ex- 
tremity of the nerve, in the absence of the objects which 
usually produce this excitation. As soon as ever the sensa- 
tion is présent, the rest follows; the prologue entails the 
drama. The patient imagines that he feels in his mouth the 
melting pulp of an absent orange, or the cold pressure on 
his shoulder of a hand which is not there, that he sees a num- 
ber of passers-by in an empty street, or hears clearly articu- 
lated sounds in his silent chamber. — When, therefore, the sen- 
sation arises in conséquence of its usual antécédents, that is 
to say after the excitation of the nerve and through the ef- 
fect of an extemal object, it b^ets the same internai phantom, 
and necessarily, this phantom appears an extemal object. 
Consequently, if there are actually persons about in the street, 
the sensation I shall expérience in looking at them will excite 
in me, as before, phantoms of persons about in the street, and 
necessarily, as before, thèse purely internai phantoms will ap- 
pear to me extemal objects, that is to say real and true per- 
sons. Hence we see that the objects we touch, see, or per- 
ceive by any one of our sensés, are nothing more than sem- 
blances or phantoms precisely similar to those which arise in 
the mind of a hypnotized person, a dreamer, a person labor- 
ing under hallucinations, or afflicted by subjective sensations. 
The sensation being given, the phantom is produced : it is 
produced, then, whether the sensation be normal or abnormal ; 
it is produced, then, in perception where there is nothing to 
distinguish it from the real object, just as in sickness where 
every thing distinguishes it from the real object. 

If its existence be established by its antécédents, it is 
confiimed by its conséquents. In fact, extemal perception 
leaves a semblance behind it ; when we hâve seen some in- 



Chap. I.l EXTERN AL PERCEPTION, 3 

teresting object, heard some fine music, felt a body of pecu- 
Kar texture, not only does the image of our sensation sur- 
vive the sensation, but more than this, it is accompanied by 
a more or less energetic and clear conception, représentation, 
or phantom of the object perceived. Suppose this représen- 
tation very intense, it borders on hallucination ; if sieep is 
drawing on, it becomes a complète hallucination ; in fact, this 
is its natural ending ; we hâve seen that, when checked, it is by 
roeans of a supervening repression or rectification which, at the 
first moment, was absent. Therefore, at the first moment, that 
b to say during extemal perception, it was not checked ; there 
was, then, a complète hallucination, of which the preserved 
conception, the floating représentation, the posthumous phan*> 
tom, is the remnant. In this state and at this second moment 
we distinguish the phantom, which at the first moment we had 
confounded with the real object. 

There are other cases, again, in which we can contrive, di- 
rectly, to separate them ; such are the variouserrorsof exter- 
nal perception, above ail, those of the touch and of sight. I 
am not speaking of those alone which proceed from purely 
subjective sensations; it is abundantly clear that in such 
cases the apparent object is distinct from any real object, since 
no r.eal object exists. I am speaking of those proceeding 
from ill-interpreted sensations ; in which cases there is a real 
object, though it differs from the apparent object. For in- 
stance, when we close our eyes and touch a marble with the 
forefinger and ring-finger crossing one another, we imagine 
ourselves to be touching two marbles ; this is one of the fal- 
lacies of touch. Those of sight are innumerable ; we fall into 
them daily in ordinary life, and may fabricate them at will by 
optical instruments ; by means of the stéréoscope we give to 
two plane surfaces the appearance of a single body possessed 
of relief, and there are a hundred analogous illusions. Take 
the simplest of ail, that produced by a figure reflected in a 
looking-^Iass ; if the glass is without any flaw and fills up the 
whole side of a room, if the light is well arranged, and we do 
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not know the cîrcumstances, we shall imagine that we see a 
figure before our eyes at a spot where there îs nothîng but a 
wall. NoWy in this and in ail similar instances, what we take 
for the real object differs from the real object ; the thing af- 
firmed is nothing more than something apparent, there is noth- 
ing corresponding to it at the spot and with the characters 
assigned ; in other words, it is nothing more than a simple, 
internai, ephemeral semblante which forms part of ourselves, 
and which, nevertheless, appears to us an extemal thing, other 
than ourselves, and permanent. — But when our perception 
was free from error, the opération was precisely the same ; 
consequently, when our perception was free from error, we 
produced and projected, in a similar way, to the indicated 
spot, an apparent object, an internai and transient semblance 
forming part of ourselves, and which, nevertheless, seemed to 
be a body extemal to us, independent and stable. The only 
différence is that, in the first case, there was an independent 
body, extemal and stable, which actually and rigorously cor- 
responded to our semblance, and that now, this actual and 
rigorous correspondence no longer takes place. Consequent- 
ly, in the first case, we could not distinguish the semblance and 
the body, and now we are able to do so. 

Thus, there are three marks which indicate fro us the 
présence of the semblance, even in accurate extemal percep- 
tion. — In the first place, its exciting and sufficient condition, 
the sensation, îs found there ; it, then, must necessarily be 
there. — In the second place, we find it surviving an instant 
afterwards, and repressed by an added rectification ; it was 
there, then, an instant before, and was not repressed, that is 
to say, was fully hallucinatory. — In the third place we dis- 
tinguish it in many instances, and, to eifect this, it is suffi- 
cient if the characters of the real object do not ail perfectly 
coïncide with those of the semblance ; consequently we are 
forced to admit its existence, even when the perfect coïnci- 
dence of ail its characters with ail those of the real object 
prevents our establishing, by subséquent expérience, any 
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différence between ît and the real object. — What îs thîs real 
object? Is there one? And, if we recognize one, on what 
can we found our récognition ? We shall presently look for 
answers to ail thèse questions. — Meanwhile, let us simply 
postulate that when we perceive an object by the sensés, 
when we see a tree ten paces from us, when we take a marble 
in our hand, our perception consîsts in the rising up of an 
internai phantom of the tree or marble, and this phantom 
appears to us an extemal, independent, durable thing, sit« 
uated, in the one case, at ten paces from us, in the other 
case, in our hand. 

II. In what does this internai phantom consist? — It is 
plain that, among other éléments, it comprises an affirmative 
conception. When I see the tree or touch the marble, my 
sensation suggests to me a judgment, that is to say a con- 
ception and an afBrmation. I conceive and I affirm, that at 
ten paces from me is a being possessed of certain properties, 
that in my hand is another such being, and the sufferer from 
hallucination, who has the sensation of an absent tree or of 
an absent marble, comes to the same conclusion. Hère we 
hâve an essential élément of «the internai semblance ; there 
is no external perception or hallucination which does not 
contain an affirmative conception, the affirmative conception 
of a being, thing, or substance possessed of properties. Let 
us analyze this conception, and attempt to mark, one by one, 
the distinct and connected conceptions of which it is the ag- 
gregate. 

Take the case of a mahogany table to which I direct my 
cyes ; when I perceive it, I hâve, with regard to my retinal 
sensation, an affirmative conception, which is that of some« 
thing extended, resisting, hard, polished, feebly sonorous, 
of a reddish brown color, of certain size and shape, in short, of 
a being or substance possessed of the above-mentioned quali- 
tîes or properties. Let the reader consider for a moment : 
hère, as in every proposition, the substance is équivalent to 
the indemnité séries of its known or unknown properties. 
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Tâke awa> ail the propertîes, without a single exception, ex» 
tension, résistance, weight, hardness, polish, sonorousnes% 
figure, and lastly, the most gênerai of ail, existence itself ; it 
is plain that there will be nothing left of the substance ; it ts 
the aggregate of which the properties are the détails ; it is 
the whole of which the properties are the extracts ; tak» 
away ail the détails, there will be nothing left of the aggre- 
gate ; take away ail the extracts, there will be nothing left 
of the whole. The rule is gênerai that — in every proposi- 
tion the attributes form the analysis of the subject, atid 
the subject is the sum of the attributes. — Consequently, vcvf 
conception of substance is nothing more than a summary ; it 
is équivalent to the sum of the conceptions composing it, just 
as a number is équivalent to the sum of the units composing 
it, or an abbreviatory sign to the things it abbreviates and 
signifies. Conse u ntly, what I apply and attribute to the 
substance is applicable and attributable to its équivalent. 
When, then, I say that it is a beingy a substancey or in other 
words that it is, and that it subsists, this means that itsprop- 
erties are, and subsist. To conceive, then, and affirm a sub- 
stance, is to conceive and affirm a group of properties as per- 
manent and stable ; I say a group : for the properties which 
constitute a body are not an arbitrary collection, a heap 
piled up at will, like a number of units, which I collect as I 
please and dénote by a cipher ; they are not merely an added 
sum, but more than this, they form a cluster. Any one of them 
involves the rest : the squared fonn, the reddish color, the 
feeble sonorousness, the polish, the hardness, combine to- 
gether in the table ; the perfumed smell, the rosy color, the 
scmi-globular form, the softness, combine together in the 
rose. In fact, whenever I expérience them they are ail corn- 
bined, and it is enough for me to ascertain the existence of 
one of them by one of my sensés, smell by the sensé of smell, 
color by the sight, to hâve the right to affirm the simultaneoua 
présence of the others whose existence I hâve not ascertained. 
It is this cluster which forms the body. 
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IIL Let us follow out successively the difFerent threads. 
In what do the properties of a body consist ? — With the ma- 
jority of them, the answer is easy. They are relative, relative 
io my sensatiofiSy and to the sensations of every other being 
analogous to myself : they are nothing more than a power, 
the powei of the body in question to excite certain particu- 
lar sensations. — The rose has a certain smell, differing from 
that of the lily and from that of the violet ; this means that 
it is capable of exciting in me, and in every other being con- 
structed as I am, a certain agreeable sensation distinct from 
other sensations of smell, and which we term the smell of the 
rose. — Sugar has a certain taste ; this again means that it is 
capable of exciting in me and in every other being similar to 
me, a certain spécial sensation of taste which we term a sug- 
ary taste. — ^And so it evidently is with colors and sounds. A 
certain vibrating cord gives a sound of a particular acuteness, 
a particular tone, and a particular intensity. A certain body 
when illuminated gives a color of certain tint and certain 
brightness. This means that the vibrating cord is capable 
of exciting a certain particular sensation of sound, that the 
illuminated body is capable of exciting a particular determi- 
nate sensation of color.— No doubt, in the présent day we 
know more than this ; optics and acoustics hâve taught us 
that to a particular sound there correspond a particular num- 
ber of vibrations of air, and to a particula color, a particular 
number of vibrations of ether. But this is not the primi- 
tive or ordinary judgment ; it is necessary to become scienti- 
fie before we can form it ; the explanation is subséquent and 
superadded. — Besides, the difficulty is only shifted : when 
provided with the theory, we say that the molécules of air or 
ether hâve the power of exciting in us, by their oscillations, sen- 
sations of sound or color. This power which the spontaneous 
judgment ascribed to the illuminated body, and to the vibra- 
ting cord, is nov/ referred to the interposed molécules of air 
or ether ; thus the color and sound still remain relative prop- 
erties ; whether we attribute them to the vibrating cord and 
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the illuminated body, or to the partîcles of air and ether, they 
are nothing more than the power of exciting in us certain 
particular sensations. 

Finally, if we pass from the four spécial sensés to the 
last and most gênerai of ail, that is to say to toucli^ 
our conclusions are simiiar. — In the first place, it is clear 
that heat and cold are nothing more than the power of 
exciting sensations of that name. — So is it with solidity or 
résistance, which is nothing more than the power of exciting 
the muscular sensation of résistance. "When we contract 
the muscles of our arm, either by an exertion of will, or 
by an involuntary discharge of our spontaneous nervous 
activity, the contraction is accompanied by a state of sensa^ 
tion, which is différent according as the locomotion consé- 
quent on the muscular contraction continues freely, or meets 
with an împediment. — In the former case, the sensation is 
that of motion through empty space. After having had (let 
us suppose) this expérience several times repeated, we sud- 
denly hâve a différent expérience : the séries of sensations ac- 
companying the motion of our arm isbrought, without inten- 
tion or expectation on our part, to an abrupt close. This 
interruption would not, of itself, necessarily suggest the be- 
lîef in an external obstacle. The hindrance might be in our 
organs ; it might arise from paralysis, or simple loss of power 
through fatigue. But in either of thèse cases, the muscles 
would not hâve been contracted, and we should not hâve had 
the sensation which accompanies their contraction. We may 
hâve had the will to exert our muscular force, but the exer- 
tion has not taken place. — If it does take place, and is accom- 
panied by the usual muscular sensation, but the expected son. 
sation of locomotion does not follow, we hâve what is called 
the feeling of Résistance, or in other words, of muscular mo- 
tion impeded." * — Later on, when we hâve acquired the idea 
of our limbs, we shslU translate such an uninterrupted séries 

r' 
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• J. S. Mill, " Exaiiination of Sir \V. Hamilton's Philosophy,''2i9. 
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of muscular sensations by the îdea of an unimpedc d inove- 
ment of our arm, and we shall translate the same séries of 
sensations, when interrupted, by the idea of the hindered 
movement of our arm. In fact, the one is capable of replac* 
îng the other ; when once our sensés are instructed, we dis- 
cover that a particular séries of muscular sensations evidenced 
by consciousness is équivalent to a particular movement of 
our hand evidenced by our eyes or touch ; we substitute the 
second fact for the first, as being more convenient to imagine 
and more generally applicable to nature, and henceforth, we 
define résistance as the power of arresting the movement of 
our arm, and în gênerai of any body whatever. — But this is 
an ulterior conception. Primitively^ résistance is nothing \ 
more to us than the power to arrest a commenced séries of ' 
muscular sensations, and the other tactile qualities are reduci- 
ble like résistance, to the power of exciting some tactile or mus- 
cular sensation more or less simple or compound, some mode 
or modification of a muscular and tactile sensation, or of a 
séries of such sensations. — ^A body is smooth or rough ; which 
means that it is capable of exciting a uniform ancl soft sensa- 
tion of contact, or an irregular and harsh sensation of contact. 
Heavy, light, sharp, level, hard, soft, sticky, damp,* ail thèse 
terms dénote nothing more than the power of exciting more 
or less complex, intense, and varied sensations of contact, of 
pressure, of température, of muscular contraction, and of 
pain. 

IV. There remain a group of properties which seem at 
first sight intrinsic and personal to bodies, and not merely 
relative to sensations; such are extension, form, mobility, 
situation, and ail geometrical properties. And, in fact, it is 
by means of such as thèse that we explain the différent pow. 
ers we hâve just described ; we conceive and suppose little 



• EzperîmenU of Landry, G-atiolet, Fick, and Bain. See part i. book iii 
diap. a, ante^ p. T48. 
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bodies with extension and shape which we term molécules ; 
we assume that they move in a certain direction and with 
certain velocities; that two given molécules continue to ap- 
proach or to separate from each other with more or less speed 
according to their reciprocal distance ; that a collection of 
molécules, whose movements are mutually annulled or corn- 
pensated, form a stable body, whose equilibrium becomes al- 
tered by the approach of another similarly constituted body. 
Such is our idea of body, a fully reduced and abstract idea ; 
this is to us the essential and indispensable part of a body ; 
in what do thèse properties consist ? 

We must first observe that they are reducîble to a princi- 
pal property, extension, and to one of the powers enumerated 
above, résistance. — A body is a solid or resisting extension ; 
that is to say, an extension capable of exciting, in ail its con- 
tinuous and successively explored portions, the sensation of 
résistance ; if not in us, at ail events in a beîng with acuter 
sensés than ours. By this, solid extension is distinguished 
from empty extension ; that is to say from the place it occu- 
pies. By this, again, we define mobility, which is nothuig 
more than the power of changing place. Finally, by this, we 
define its limits. It has a surface, that is to say, a limit ; the 
surface is the limit of solid extension, as the line is the limit 
of the surface, and the point the limit of the line. Now, ILmît 
means cessation ; the surface, the line, the point, and the fig^ 
ures derived from them, are nothing more than aspects of 
solidity, various modes of considering its cessation and its 
absence ; that is to say, the absence and the cessation of the 
sensation of résistance. — Extension itself remains. We may 
consider it in three aspects, according to three dimensions, in 
length, breadth, and height. Take the case of a cube ; its ex- 
tension in length, breadth and height, is the distance separa- 
ting a point taken at one of its angles from three points takeri 
at three other angles. Distance in three sensés or directions 
is the foundation of our idea of extension. Hère we need 



chap l] extern al perception. Il 

only reproduce the admirable analysis of the latest Englisb 
philosophers.* 

When I contract one of my muscles, I expérience one 
of those sensations we term muscular, and I may consider 
this from two points of view. — In the first place, my sensa- 
tion îs more or less powerful ; it îs extrême, if the effort ap- 
proaches a strain of the muscle ; its limit is the pain termed 
cramp ; its character is of greater or less intensity, and I can 
compare my sensation in this respect with other more or less 
mtense sensations of the same muscle. Thus regarded, ît 
enables me to estimate the résistance which other bodies 
oppose to me; but as yet, teaches me nothing respectîng 
their extension, distance, and position. — But there is a second 
point of view, and to this we owe o ur idea of extension . For 
muscular sensations vary not only in greater or less intensity, 
but also in greater or less duràtion. ** When a muscle begins 
to contract," says Mr. Bain, " or a limb to bend, we hâve a 
distinct sensé of how far the contraction and the bending are 
carried; there is something in the spécial sensibilily that 
makes one mode of feeling for half contraction, another mode 
for three-fourths, and another for total contraction." Thus we 
distinguish in the sensation, not only an increase of intensity, 
but also an increase of duràtion. '' Suppose a weight raised by 
the flexing of the arm, first four inches, and then eight inches." 
We shall obviously distinguish the second sensation from the 
first, and, in the first place, clearly, because, other things beîng 
equal, the second lasts twice as long as the first, and then, 
probably, because in the second period of effort, other muscles 
coming into play, produce new muscular sensations, which 
add themselves on to the continuation of the first sensations, 
not only by prolongîng, but also by diversifying the opération. 
By thèse two distinct sensations, we distinguish the greater 
or less amplitude of our two movements ; and we see how we 



• Bain, " Sensés and Intellect/* 99 and 199. Herbert Spencer, " Principles of 
Psjchology,** ist Edition, 304. J. S. Mill, " Examination," etc., 222. 
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can in a gênerai manner dîstînguîsh the amplitude of one of 
our movements compared with another. — It is by means of 
tliis muscular discernment that we arrive at a knowledge of 
ext ension and space. For, " in the first place it gives the 
feelîng of lincar extensiony inasmuch as this is measured by the 
sweep of a limb, or other organ moved by muscles. The 
différence between six inches and eighteen inches is express- 
ed to usby the différent contraction of some one group ot mus-i 
clés ; those for example that flex the arm, or, in walking, those 
that flex or extend the lowcr limb. The inward impression 
corrcsponding to the outward fact of six inches in length, is 
an impression arising from the contînued shortening of a mus- 
cle^ a true muscular sensibility. It is the impression of a mus- 
cular effort having a certain continuance ; a greater lengfth 
produces a greatercontinuance " — Now, " the discrim- 
ination of length in any one direction includes extension in 
any direction. Whether it be length, breadth, orheight, the 
perception has precisely the same character. Hence super- 
fîcial and solid dimensions, the size or magnitude of a solid 

object, come to be felt in a similar manner It will be 

obvious that what is called situation or locality must come under 
the same head, as thèse are measured by distance taken along 
with direction ; direction being itself estimated by distance, 
both in common observation and in mathematical theory. — In 
like mdinner form or s/tafie is ascertained through the same 
primitive sensibility to extension or range.* — By the muscular 
sensiblity thus associated with prolonged contraction we can 
thcrefore compare différent degrees of the attribute of space, 
in other words, différence of length, surface, situation, and 
form. When comparing two différent lengths we can feel 
which is the greater, just as in comparing two différent weîghta 



^ We see that the idea of fonn is reduced to that of position, which is reduced 
to that of distance. Analytical geometiy is entîrely founded on this observation , 
it translates form by the relations of two or three co-ordinates rcpresenting dis- 
tances. 
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or résistances. We can aiso, as in the case of weîght, acquîre 
some absolute standard of comparison, through the permanency 
of impressions sufficiently often repeated. We can engraîn 
the feelîng of contraction of the muscles of the lower lîmb 
due to a pace of thîrty inches, and can say that some one 
gîven pace is less or more than this amount, Accordîng to 
the delicacy of the muscular tissue we can, by shorter or 
longer practice, acquire distinct impressions for every stand* 
ard dimension, and can décide at once whether a given length 
is four inches or four and a half, nine or ten, tvventy or twenty- 
one. This sensibility to size, enabling us to dispense with 
the use of measures of length, is an acquirement suited to 
many mechanical opérations. In drawing, painting, and en- 
graving, and in the plastic arts, the engrained discrimination 
of the most délicate différences is an indispensable qualifi- 
cation." 

A third aspect remains ; for there are not merely différent 
degrees of intensity and duration, but différent degrees of ve- 
loçit ^in our m uscular movements, and the same contraction 
of the same muscles excites in us two différent muscular 
sensations according as it is rapid or slow. We learn by ex- 
périence that in many cases thèse two distinct sensations are 
signs of the same movement; in this they are équivalent. 
"A slow motion for a long time is the same as a quicker mo- 
tion with less duration." We easily convince ourselves of 
this " by seeing that they both produce the same effect in 
exhaustîng the full range of a limb. If we experiment upon 
the différent ways of accomplishing a total sweep of the arm, 
we shall find that the slow movements long continued are 
equal to quick motions of short continuance, and we are Ihus 
able by either course to acquire to ourselves a measure of 
range and linear extension." — " Suppose," says Mill, " two 
small bodies, A and B, sufficiently near together to admit of 
theîr bcing touched simultaneously, one with the right hand, 
the other with the left. Hère are two tactual sensations 
which are simultaneous, just as a sensation of color and one 
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of odor might be ; and this makes us cognize the two objecta 
of touchas both existîng at once. The question then is. 
what hâve we în our minds, when we represent to ourselves 
the relation between thèse two objects, already known to be 
simultaneous, in the form of Extension or intervenîng Space 
— a relation which we do not suppose to exist between the 
color and the odor." Our answer to this îs " that whatever 
the notion of Extension may be, we acquire it by passing our 
hand or some other organ of touch, in a longitudinal direction 
from A to B : that this process, as far as we are conscious of 

ît, consists of a séries of varied muscular sensations 

When we say that there is a space between A and B, we 
mean that some amount of thèse muscular sensations must in-p 
tervene ; and when we say that the space is greater or less, 
we mean that the séries of sensations (amount of muscular 
effort being given) is longer or shorter. If another object, C, 
is farther off in the same line, we judge its distance to be 
greater, because, to reach it, the séries of muscular sensations 
must be further prolonged, or else there must be the increase 
of effort which corresponds to augmented velocity. Now 
this, which is unquestionably the mode in which we became 
aware of extension, is considered by the psychologists in ques- 
tion to be extension. The idea of Extended Body they con- 
sider to be that of a variety of resisting points, existing simul- 
taneously, but which can be perceived by the same tactile 
organ only successively, at the end of a séries of muscular 
sensations which constitutes their distance ; and are said to 
be at différent distances from one another because the séries 
of intervening muscular sensations is longer in some cases 
than in others An intervening séries of muscular sen- 
sations before the one object can be reached from the other, 
îs the only peculiarity which (according to this theory) distin- 
guishes simultaneity in space from the simultaneity which 
may exist between a taste and a color, or a taste and a smell : 
and we hâve no reason for believing that Space or Extension 
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in itself, is any thing différent from that which we recognize 
ît by."* 

Thus, in our cases, time is the parent of space, and we 
conceive simultaneous magnitude by means only of success- 
ive magnitude. When our arm moves, it traverses a space ; 
but we do not estimate the magnitude of what is traversed 
except by the two factors measuring it, on the one hand by 
the amount of our muscular exertion, on the other hand by 
the duration of our successive muscular sensations. In tran* 
sit through space there are three terms — the magnitude of 
the motive-force, the length of time employed, the extent of 
space -traversed — and each of thèse is determined by the othj- 
er two. Now, the two first we find in ourselves, and their 
are together équivalent to the third, since the third is comV 
pletely determined by them. It is by the first two, then 
that the space traversed is translated into our minds, anc 
such space is in itseif nothing more to us than the power oi 
exciting them. Thus, greater or less space is nothing more: 
than the power of exciting in us, with an equal amount of| 
muscular effort, a longer or shorter séries of successive mus-' 
cular sensations. — ^Add to this solidity, that is to say the 
power of exciting the sensation of résistance, and we hâve 
body, — In fact, its three dimensions are the three distinct as- 
pects to which ail the sensations measuring its extension are 
reduced. Its continuity is the power of exciting the sensa- 
tion of résistance, throughout the whole duration of thèse 
sensations. Its limit is the moment at which the sensation 
of résistance céases. Its figure is the aggregate of thèse lim- 
its. We conceive it as composed of parts, because the sen- 
sation, whose duration measures it, is itseif composed of parts. 
So too it is infinitely divisible, because this duration is itseif 
infinitely divisible. Though the éléments of our sensation 
be successive, the éléments of the body appear to us as simul- 
tai:eous ; in fact, they are, as the body itseif, permanent pow- 
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ers, whose permanence, like that of the body itself, is attesta 
ed to us by the regular return of the sensations they excite ; 
being permanent, they are contemporaneous ; though we per- 
ceive them successîvely they exist together, and the succès» 
sion disjoinîng theîr effccts is not applicable to their existence. 
I pass my hand several times heavily along the side of the 
table, from left to right, then from right to left, and always 
with the same speed ; that is to say with the same amount 
of motive effort. Now, in ail thèse expériences, the sensation 
given me by my contracted arm is the same in duration, and 
has, as accompaniment, at every moment, the uniform sen» 
sation of résistance. Whether I begin at the right or left, it 
does not matter ; the double muscular sensation remains the 
same in the two cases. It forms, then, a severed group among 
my recollections and prévisions,; it is distinguished from the 
others by the précise degree of intensity of the first compo- 
nent muscular sensation, by the précise degree of duration 
of the second component muscular sensation, and further, by 
the particular shade of the conjoîned sensation of touch ; the 
power of exciting this group is what we term the résistance 
and extension of the table. — Hence, we see that ail the sen- 
sible properties of bodies, including extension, and conse- 
quently form, situation, and other tangible qualities, are, in 
final analysis, nothing more than the power of exciting sen- 
sations. 

V. This leads us to a new notion of the nature of bodies ; 
a body is a collection of such powers as we hâve just described. 
But what are thèse powers. ? — This rose has power to excite a 
certain sensation of smell ; which means that, when within 
reach of it, this sensation of smell will be aroused. This table 
has power to excite a certain strong sensation of résistance ; 
which means that, if it is pressed with the hand, a strong 
sensation of résistance will be aroused. A power, then, is 
nothing intrinsic and personal to the object to which we at- 
tribute it. We simply mean by the word that certain effects 
are possible, future, proximate, necessary under certain con 
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ditîons. We sîmply mean, in this instance, that certain sen- 
sations are possible, future, proximate, necessary under cer- 
tain conditions. Consequently, a collection of powers fs noth- 
îng; consequently a body, that îs to say a collection of 
powers, is also nothing. At the foundation of the affirmative 
conception, by which, having passed and pressed my hand 
over this table, I conceive and affirm an independent and 
permanent body, there is nothing more than the affirmative 
conception ofanalogousmuscular and tactile sensations, thèse 
sensations being conceived and affirmed as possible for any 
being simîlar to myself, who might come within their range, 
as future, proximate, certain, and necessary, for any being sim- 
ilar to myself, who might pass and press his hand or other 
organ in the same manner. AU I conceive and affirm is 
their possibility under certain conditions, and their necessity 
under fuller conditions. They are possible when ail thèse 
conditions, but one, are gîven. They become necessary when 
ail thèse conditions, and in addition the missing condition, 
are given ; and hère the possibility becomes necessity, by the 
addition of the last condition, This is what constitutes for us 
the object. When, with closed eyes, I expérience a sensa- 
tion of the smell of a rose, and thereupon conceive and affirm 
the présence of a rose, I simply conceive and affirm the pos- 
sibility for myself, and for every other being similarto myself, 
of a certain muscular and tactile sensation of soft résistance, 
of a certain visual sensation of colored form ; a possibility 
would become a necessity, if, to the existence and présence 
of the sentient person indicated, were added a final condition, 
a certain movement of his exploring hand, a certain direction 
of his open eyes. — Certain possibilities and certain necessities of 
sensations^ to thèse are reducible the powers, consequently 
the properties, consequently the very substance of bodies, 

This conclusion seems paradoxical. How can we admit 
that bodies, that is to say permanent substances independent 
of us, and which we conceive as causes of our sensations, 

are, at bottom, and in themselves, nothing* more than possi 
2 
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bilities and necessitîes of sensation ? — ^To remove thîs diffi* 
culty, let us consider successively the principal characters of 
thèse possibilities and necessities, and we shail see that they 
possess ail the characters of substance. — They are perman ent , 
in fact, the proposition by which I afllirm the possibility and 
necessity of a certain sensation under certain conditions is 
gênerai, and holds good for ail moments of time. Whatever 
be the moment of duration I am considering, this possibility 
and this necessity are found there; they are, then, geiiàîstànt 
and stable. — On the other hand, they are independent oi me, 
ànd of^all sentient individuals who are living, hâve lived/or wîU 
live. For the proposition by which I affirm the possibility 
and necessity of certain sensations under certain conditions 
is abstract, and holds good, not only in my case and in that 
of every actual person, but for ail possible persons, Even 
were there not in fact any sentient individual in the world, 
they would exist ; they exist, then, apart and by themselves, 
— For thèse two reasons, they are opposed, first, to sensa- 
tions which are transient and not, like them, permanent ; then, 
to sentient individuals themselves who are other than they. 
Thèse are the essential characters of substance ; consequently, 
there is nothing astonishing in ourterming thèse possibilities 
substances, and in their playing a prédominant part in our 
mind. 

Let us see how ît is they assume thîs part. " I see a 
pièce of white paper on a table. I go into another room, 
and though hâve I ceased to see it, I am persuaded that the 
paper is still there. I no longer hâve the sensations which 
it gave me ; but I believe that when I again place myself in 
the circumstances in which I had those sensations, that is, 
when I go again into the room, I shall again hâve them ; and 
further, that there has been no intervening moment at which 
this would not hâve been the case.** — This is a spécimen of 
the ordinary opérations of our mind, and it is plain that the 
analysis would be the same, in the case of any other percep- 
tion of sight, or of another ^ense. — Now, in accordance with 
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this analysis, it appears " that my conception of the world at 
any gîven instant consists, in only a small proportion, of 
présent sensations. Of thèse I may at the time hâve none 
at ail, and they are in any case a most insignificant portion 
of the whole which I apprehend. The conception I form of 
the world existing at any moment, comprises, along with the 
sensations I am feeling, a countless variety of possibilities 
of sensation ; namely, the whole of those which past obser- 
vation tells me that I could, under any supposable circum- 
stances, expérience at this moment, together with an indefi- 
nite and inimitable multitude of others which though I do 
not know that I could, yet it is possible that I might ex- 
périence in circumstances not known to me. Thèse various 
possibilities are the important thing to me in the world. My 
présent sensations are generally of little importance, and are 
moreover fugitive : the possibilities, on the contrary are per- 
manent, which is the character that mainly distinguishes our 
idea of Substance or Matter from our notion of sensation. — 
Thèse possibilities, which are conditional certainties, need a 
spécial name to distînguish them from mère vague possibilities, 
which expérience gives no warrant for reckoning upon. Now, 
as soon as a distinguishing name is given, though it be only 
to the same thing regarded in a différent aspect, one of the 
most familiar expériences of our mental nature teaches us, 
that the différent name comes to be considered as the name 
of a différent thin^. 

" There is another important peculîarîty of thèse ccrtified 
or guaranteed possibilities of sensation ; namely, that they 
hâve référence, not to single sensations, but to sensations 
joined together in groups. When we think of any thing as 
a material substance, or body, we either hâve had, or we 
think that on some given supposition we should hâve, not 
some one sensation, but a great and even an indefînite num- 
ber and variety of sensations, generally belonging to différent 
sensés, but so linked together that the présence of one an- 
nouneeft tha possible présence at the very same instant of 
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any or ail of the rest. In our mînd, therefore, not only is 
thîs particular Possîbility of sensation învested with the 
qualîty of permanence, when we are not actually feelîngany of 
the sensations at ail ; but when we are feelîng some of them, 
the remaîning sensations of the group are conceived by us in 
the form of Présent Possibilities, which might be realized at 
Ihe very moment. And as this happens in tum to ail of 
them, the group as a whole présents itself to the mind as 
permanent, in contrast not solely with the temporariness of 
my bodily présence, but also with the temporary character 
of each of the sensations composing the group ; in other 
words, as a kind of permanent substratum, under a set of 
passing expériences or manifestations : which is another lead- 
ing character of our idea of substance or matter, as distin- 
guished from sensation. 

" Let us now take into considération another of the gên- 
erai characters of our expérience, namely, that in addition to 
fixed groups, we also recognize a iîxed Order in our sensa- 
tions ; an Order of succession, which, when ascertained by 
observation, gives rise to the ideas of Cause and Effect .... 
Now, of what nature is this fixed order among our sensa^ 
tiens? It is a constancy of antecedence and séquence. But 
the constant anteceaence and séquence do not generally exist 
between one actual sensation and another. Very few such 
séquences are presented to us by expérience. In almost ail the 
C( nstant séquences which occur in Nature,the antecedence and 
conséquence do not obtain between sensations, but between the 
groups we hâve been speaking about, of which a very small por- 
tion is actual sensation, the greater part being permanent pos- 
sibilities of sensation, evidenced to us by a small and variable 
number of sensations actually présent. Hence, our ideas of 
causation, power, actîvity, do not become connected in thought 
with our sensations as actual at ail, save in the few physio- 
logical cases where thèse figure by themselves as the anté- 
cédents in some uniform séquence. Those ideas become con- 
nected, not with sensations, but with groups of possibilities 
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of sensation. The sensations conccived do not, to our ha* 
bitual thoughts, présent themselves as sensations actually ex- 
perienced, inasmuch as not only any one or any number of 
them may be supposed absent, but none of them need be 
présent. We find that the modifications which are taking 
place more or less regularly in our possibilities of sensation, 
are mostly quite independent of our consciousness, and of 
our présence or absence. Whether we are asleep or awake 
the fire goes out, and puts an end to one particular possi- 
bih'ty of warmth and light. Whether we are présent or ab- 
sent the corn ripens, and brings a new possibility of food. 
Hence we speedily learn to think of Nature as made up 
solely of thèse groups of possibilities, and the active force 
in Nature as manifested in the modification of someof thèse 
by others. The sensations, though the original foundation 
of the whole, come to be looked upon as a sort of accident 
depending on us, and the possibilities as much more real 
than the actual sensations, nay, as the very realities of which 
thèse are only the représentations, appearances, or effects. — 
When this state of mind has been arrived at, then, and from 
that tîme forward, we are never conscious of a présent sen- 
sation wîthout instantaneously referring it to some one of 
the groups of possibilities into which a sensation of that par- 
ticular description enters ; and if we do not yet know to 
^hat group to refer it, we at least feel an irrésistible convic- 
tion that it must belong to some group or other ; i. e. that its 
présence proves the existence, hère and now, of a great num- 
ber and variety of possibilities of sensation, without which it 
would not hâve been. The whole set of sensations as pos- 
sible, form a permanent background to any one or more of 
them that are, at a given moment, actual ; and the possi- 
bilities are conceived as standing to the actual sensations in 
the relation of a cause to its effects, or of canvas to the fig- 
ures painted on it, or of a root to the trunk, leaves, and 
flowers or of a substratum to that whîch is spread over it, or, 
tn transcendental language of Matter to Form. 
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" When this point has been reached, the Permanent Pos- 
sibilîties in question hâve assumed such unlikeness of aspect, 
and such différence of apparent relation to us, from any sen- 
sations, that it would be contrary to ail we know of the con- 
stitution of human nature that they should not be conceived 
as, and believed to be, at least as différent from sensations as 
sensations are from one another. Their groundwork in sen- 
sation is forgotten, and they are supposed to be something 
întrinsically distinct from it. We can withdraw ourselves from 
any of our (external) sensations, or we can be withdrawn from 
them by some other agency. But though the sensations cease, 
the possibilities remain in existence : they are independent 
of our will, our présence, and every thing which belongs to 
us. We find, too, that they belong as much to other human 
or sentient beings as to ourselves. We find other people 
grounding their expectations and conduct upon the same per- 
manent possibilities on which we ground ours. But we do 
not find them experiencing the same actual sensations. Other 
people do not hâve our sensations exactly when and as we 
hâve them: but they hâve our possibilities of sensation; what- 
ever indicates a présent possibility of sensations to ourselves, 
îndicates a présent possibility of sensations to them, except 
so far as their organs of sensation may vary from the type of 
ours. This puts the final seal to our conception of the groups 
of possibilities as the fundamental reality in Nature. The 
permanent possibilities are common to us and to our fellow- 
creatures ; the actual sensations are not. That which other 
people become aware of when, and on the same grounds as 
I do, seems more real to me than that which they do not know 
of unless I tell them. The world of Possible Sensations suc- 
ceeding one another, according to laws, îs as much in other 
beings as it is in me ; it has therefore an existence outside 
me ; it is an External World. 

" Matter, then, may be defined, a Permanent Possibility 
of Sensation We believe that we perceîve a something 
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closely related to ail our sensations, but différent from those 
which we are feeling at any particular minute; and dîstîn- 
guished from sensations altogether, by being permanent and 
always the same, while thèse are fugitive, variable, and alter- 
nately dîsplace one another. But thèse attributes of the ob- 
ject of perception are properties belonging to ail the possibîli- 
ties of sensation, which expérience guarantees. The belief 
in such permanent possibilities seems to me to include ail that 
is essential or characteristic in the belief in substance. I be- 
lieve that Calcutta exists, though I do not perceive ît, and 
that it would still exist if every percipient inhabitant în ît 
were suddenly to leave the place, or be struck dead. But 
when I analyze the belief, ail I find in it îs, that were those 
events to take place, the Permanent Possibility of Sensation 
which I call Calcutta would still remaîn ; that if I were sud- 
denly transported to the banks of the Hooghly, I should still 
hâve the sensations which, if now présent, would lead me to 
affirm that Calcutta exists hère and now.* — We may infer, 
therefore, that both philosophers and the world at large, when 
they think of matter, conceive it really as a Permanent Possi- 
bility of Sensation. But the majority of philosophers fancy 
that it is somethîng more ; and the world at large, though 
they hâve really, as I conceive, nothing in their minds but a 
Permanent Possibility of Sensation, would, if asked the ques- 
tion, undoubtedly agrée with the philosophers ; and though 
this îs sufficiently explained by the tendency of the human 
mind to infer différence of things from différence of names I 
acknowledge the obligation of showing how it can be possible 
to believe in an existence transcending ail possibilities of sen- 
sation, unless on the hypothesis that such an existence act- 
ually is, and that we actually perceive it. 

"The explanatioii, however, is not difficult. It is an ad- 



• For analysU to be whoUy exact, it should read, I think : — " If any being 
nehatcvcr, analogouii to myself, were tnmsported to the banks of the Hooghly, he 
woold hftTC, etc." The pennanent possibility is absolntely gênerai. 
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mittcd fact ihat we are capable of ail conceptions whîch can 
be formed by generalizing from the observed laws of our sen- 
sations. Whatcver relation we find to exist between any one 
of our sensations and something différent from //, that same 
relation we hâve no diffîculty in conceîving to exist between 
thc sum of ail our sensations and something différent from 
them. The différences which our consciousness recognîzes be- 
tween one sensation and another give us the gênerai notion 
of différence, and inseparably associate with every sensation 
we hâve, the feeling of its being différent from other things: 
and when once this association has been formed, we can no 
longer conceive anything, without being able, and even being 
compelled, to form also the conception of something différ- 
ent from it. This familiarity with the idea of something dif- 
férent from each thing we know makes it natural and easy to 
form thc notion of something différent from û:// things that we 
know, collectively as well as individually. It is true we can 
form no conception of what such a thing can be ; our notion 
ofit is merely négative; but the idea of a substance, apart 
from its relation to the impressions which we conceive it as 
making on our sensés, is a merely négative one. There is 
thus no psychological obstacle to our forming the notion of 
a something which is neither a sensation nor a possibilîty of 
sensation, even if our consciousness does not testify to it ; and 
nothîng is more likely than that the Permanent Possibilitîes 
of sensation, to which our consciousness does testify, should 
be confounded in our mînds with this imaginary conception. 
Ail expérience attests the strength of the tendency to mistake 
mental abstractions, even négative ones, for substantive realî- 
ties ; and the Permanent Possibilities of sensation which ex- 
périence guarantees are so extremely unlike in many of theîr 
properties to actual sensations, that since we are capable of 
imagining something which transcends sensations, there is a 
great natural probability that we should suppose thèse to be 
it. 

" But this natural possibilty is îonverted into certaîntyt 
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when we take înto considération that universal law of our 
expérience which is termed the law of Causation, and whîch 
makes us mentally connect with the beginning of every thing 
some antécédent condition or Cause. The case of Causation 
îs one of the most marked of ail the cases in which we extend 
to the sum total of our consciousness, a notion derived from 
îts parts. It is a striking example of our power to conceive. 
and our tendency to believe, that a relation which subsista 
bctween every indîvidual item of our expérience and some 
other item, subsists also between our expérience as a whole, 
and something not within the sphère of expérience. By this 
extension to the sum of ail our expériences, of the internai 
relations obtaining between its several parts, we are led to 
conceive sensation itself — the aggregate whole of our sensa- 
tions — as deriving its origin from antécédent existences trans- 
cending sensation. That we should do this, is a conséquence 
of the particular character of the uniform séquences, which 
expérience discloses to us among our sensations. As already 
remarked, the constant antécédent of a sensation is seldom 
another sensation, or set of sensations, actually felt. It is 
much oftener the existence of a group of possibilities, not nec- 
essarily încluding any actual sensations, except such as are re- 
quired to show that the possibilities are really présent. Nor 
are actual sensations indispensable even for this purpose ; for 
the présence of the object (which îs nothing more than the 
immédiate présence of the possibilities) may be made known 
to us by the very sensations we refer to it as its effect. Thus, 
the real antécédent of an effect — the only antécédent which, 
being invariable and unconditional, we consider to be the 
cause — may be, not any sensation really felt, but solely the 
présence at that or the immediately preceding moment of a 
group of possibilities of sensation. Hence it is not with sen- 
sations as actually experienced, but with their Permanent 
Possibilities, that the idea of Cause comes to be îdentified: 
and we, by one and the same process, acquire the habit of re- 
garding Sensation in gênerai, like ail our individual sensations 
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as an Effcct, and also that of conceîvîng as the causes of most 
of our individual sensations, not other sensations, but gênerai 

possibilities of sensation It may perhaps be said that 

the preceding theory gives, îndeed, some account of the idea 
of Permanent Existence which forms part of our conception 
of mattcr, but gives no explanation of our believîng thèse per- 
manent objects to be external, or out of ourselves. I appre- 
hend, on the contrary, that the very idea of anything out of 
ourselves is derived soiely from the knowledge expérience 
gives us of the Permanent Possibilities. Our sensations we 
carry with us wherever we go, and they never exist where we 
are not ; but when we change our place we do not carry away 
with us the Permanent Possibilities of Sensation : they re- 
main until we return, or arise and cease under conditions with 
which our présence has in gênerai nothing to do. And more 
than ail — they are, and will be after we hâve ceased to feel, 
Permanent Possibilities of Sensation to other beings than our- 
selves. Thus, our actual sensations, and the permanent pos- 
sibilities of sensation, stand out in obtrusive contrast to one 
another: and when the idea of Cause has been acquired, and 
extended by generalization from the parts of our expérience 
to its aggregate whole, nothing can be more natural than that 
the Permanent Possibilities should be classed by us as exist- 
ences generically distinct from our sensations, but of which 
our sensations are the effect If ail thèse considéra- 
tions put together do not completely explain and account 
for our conceiving thèse Possibilities as a class of independ- 
ent and substantive entities, I know not what psychologicai 
analysis can be conclusive."* 

In my opinion, this is so, save in a point we hâve already 
ijidicated. Thts^ possibilités of sensation constituted by the 
présence of ail the conditions of the sensation, but one, are 
transformed into necessities, when this last absent condition 
becomes added to the rest. I see a table ; which means thati 



* Mill, **£xamination/' etc. pp. 199-205. 
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having a particular vîsual sensation, I conçoive and affirm the 
possibility of certain sensations of muscular movement, résist- 
ance, and feeble sound in every sentient being ; but it aiso 
means that if to the existence of a sentient being we add a 
further condition, some movement which will put his hand in 
contact with the table, there will be, in his case, no longer a 
simple possibility, but further than this, the necessity of thèse 
sensations. Thèse necessities, set apart and considered sep- 
arately, are what we call forces.* Force or necessity, thèse 
two terms are équivalent ; they indicate that the event in 
question must become accomplished ; both one and the other 
are particularities, modes of being extracted from the event 
and isolated by a mental fiction. But as the law predicting 
the event under certain conditions îs gênerai, and therefore 
permanent, both one and the other appear as permanent, and 
are found to be erected into substances, which puts them in 
opposition to transient events and classes them apart. — At 
présent, under the name of forces, permanent possibilities are 
reducible without difficulty to what we term matter and body ; 
we hâve no hésitation in admitting that the world in which 
we are placed is a system of forces ; at ail events, this is the 
conception of the most profound physicists. Various forces, 
which, under various conditions, excite in us various sensa- 
tions: in this we hâve bodies in their relation to ourselves, 
and to ail beings analogous to us. 

VI. What a body is with relation to another remains to 
be învestigated. — We must first observe that the majority of 
bodies which we perceive change, at least in many respects, 
and that daily expérience has no difficulty in ascertaining 
thèse changes. They change, which means that, in the group 
of permanent possibilities constituting them, some particular 
possibility perishes ; in other words again, among the possi- 
ble sensations which dénote a body, some particular scnsa» 
tîon ceases to be possible. The top of this stove was cold a 



• Part i. book iv. ch. iii. p. 2i6 
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short tîme ago ; nowthe firehasbeen lîghted, ît îs hot. Tliis 
bail of wax is spherical, hard, odorous, capable of rendering a 
slight Sound ; whcn placcd on thc hot stove it becomes soft, 
loses its sonorousness and smell, and becomes a thick lîquîd. 
This grecn leaf has no longer any color in the dark. I left 
tins book on my table, and find it on one of the shelves of 
the bookcase. — In ail thèse cases, one or more of the possi- 
bilities of sensation constituting the object hâve disappeared, 
but are replaced or not by others ofthc same kind. — ^All thèse 
changes of bodies are, at bottom, conceived and conceivable 
only with relation to sensations, since they are ail reduced, 
in final analysis, to the extinction or arising of a possibility of 
sensation. But, from another point of view, though bodies 
are but possibilities of sensation, thèse changes are none the 
less changes of bodies, and it is from this point of view that 
we usually consider them. When we no longer find a sensa- 
tion on which we were accustomed to reckon, we do not 
ascribe the change to ourselves, but to the body ; we say that 
it has changed its position, figure, size, température, color, 
taste. smell, and though its history may be only definable by 
us through ours, we confront its history with ours, as a séries 
of events opposed to another séries of events. 

On this two new séries of properties become added to it 
and perfect its being. — On the one hand we observe that it 
is capable of certain précise changes under certain précise 
conditions ; it may change place, figure, magnitude, consist- 
ence, color, smell; may be divided, may become solid, liquid, 
gaseous, be heated, cooled, etc. We conceive it with relation 
to its possible events as we conceived it with relation to our 
possible sensations, and, to the first group of possibilities and 
permanent necessities by which we constituted it, we associ-. 
ate a second. — On the other hand we observe that certain of 
its events excite certain changes in other bodies. The mar- 
ble in motion displaces another marble. An acid solution 
reddens litmus paper. The heated stove évaporâtes water 
placed on it. A scrap of heated iron brought near a ther 
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mometer dilates the alcohol. By thèse varîous observations 

we prove that certain bodies are capable, under certain précise 

conditions, of exciting certain changes in other bodies, and 

we no longer define them by référence to our events, nor by 

référence to their own events, but by référence to the events 

of the other bodies. In this respect, too, a body is st ill a grou p 

of permanent possibilities and necessities, and, with thèse 

three relationships, we hâve completely constituted it. — It 

can, and under certain conditions it must, excite in us certain 

muscular and tactile sensations of résistance, extension, figure, 

and situation, certain sensations of température, color, sound, 

taste, and smell: thèse are its sensible propertîes. — It can, and 

under certain conditions it must, go through certain changes 

of consistence, extension, figure, position, température, taste, 

color, sound, and smell : thèse are what we may call its in- 

trinsic properties. — It can, and under certain circumstances 

it must, excite in some other body some change of consistence 

or extension, or figure, or position, or température, or of taste, 

smell, color, and sound : thèse are its properties with relation to 

other bodies. — ^All thèse properties exist only with relation to 

events; to state them is to predict some event of ourselves, 

of the body in question, of another body, to enunciate it as 

possible under certain conditions, as necessary under the 

same conditions with a complementary one added to them, 

in short, to state a gênerai law ; and ail thèse events, our 

own, those of the body in question, those of the other bodies, 

are defined in final analysis by our events. 

The case is altered, when, from among this enormous multi- 
tude of properties, we attempt to set aside fundamental proper- 
tîes. Sentient beings are but a rank in the prodigious army of 
distinct beings which we observe or divine in nature, and our 
events are but a trifling quantity in the enormous mass of 
events. The Ego is a single reagent among a hundred mil- 
lion others, one of the most perishable, one of the most easily 
deranged, one of the most inaccurate, one of the most insuffi- 
oient. In the place of its notations we substitute other equiv- 
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aient notations, and we define the propertîes of bodies, not 
by our events, but by certain of theîr events. Instead of our 
feeling of température we take as guide the élévation or low- 
ering of the alcohol in the thermomcter. Instead of the mus- 
cular sensation we expérience in raising a weight, we take as 
guide the élévation or lowering of the scale of the balance. 
Among thèse indicating events, there îs one which is very sim- 
ple and more universally spread through nature than any other 
— motion, or passage from place to place, with îts différent 
degrees of velocity. — We first observe it in ourselves ; the 
primitive notion we hâve of it is that of the more or less en- 
ergetîc muscular sensations, whose longer or shorter séries ac- 
companies the bending or extension of our limbs. Just as, by 
analogy and induction, we attrîbute to organîzed bodies, sen- 
sations, perceptions, émotions, and other events simîlar to our 
own, so we attribute to ail bodies motion similar to our own. 
But, as by vérification and rectification, we gradually limit the 
too close resemblance we at first imas^ined between the in- 
fcrior animais and ourselves, so we gradually limit the too 
great resemblance which we at first imagined between the 
motion of inanimate bodies and our own. The child believed, 
and has ccased to believe, that its hoop jumped and ran away, 

that its bail ran at it and tricd to hurt it. Men imagined and 
hâve at last ceased to imagine the flight of the projectile as 
an effort* analogous to their own ; they hâve recognized the 
metaphor for a mctaphor, and hâve reduced it so that it may 
correspond with abody incapable of intention and sensation. 
Instead of conceiving motion as a séries of successive sensa- 
tions interposed between the moments of departure and ar- 
rivai, he now conceives it as a séries of successive states inter- 
posed between the moments of departure and arrivai ; by this 
retrenchment, the kind and quality of the éléments which 
compose the séries are omitted ; nothing remains but their 
number and order, and the notion is applicable, not merely 
to sentient bodies, but to ail bodies. 

♦ Ni SUS. 
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Thîs beîng settled, he gradually dîscovers that, in his 
définitions of bodies and their properties, a mode or par- 
ticularity of motion so conceived may take the place of his 
sensations. He called that solid which excited in him the 
sensation of résistance ; he now calls solid whatever arrests 
the progress of any body in motion. He conceived empty 
space by his muscular sensations of free locomotion ; he now 
conceîves it by the unarrcsted motion of any body whatever. 
He represented lines, surfaces, and solids by more and more 
complex groups of which his sensations of locomotion, con- 
tact, and résistance formed the éléments ; he now défi nés the 
line by the motion af a point ; the surface by the motion of 
a line ; the solid by the motion of a surface. He estimated 
force by the magnitude of his sensation of effort ; he now 
measures it by thç velocity of the motion it impresses on a 
given mass, or by thç magnitude of the mass on which it 
impresses a motion of a given velocity. — He thus attains the 
conception of body as a movable motor^ of which velocity and 
mass are équivalent aspects. Thus, ail the events of physi- 
cal nature are mations, each of them being defined by the 
mass and velocity of the body in motion ; and each being a 
quantity which passes from body to body without ever in- 
creasîng or diminishing. Such is at présent the mechanical 
idea of nature. Among the various classes of events by 
which we can define things, man chooses one, refers to it the 
majority of the others, and imagines that some day he will 
be able so to refer the rest. But if we analyze the one he 
has chosen, we discover that ail the original and constituting 
éléments of his définition are, like the définitions of ail the 
rest, nothing more than sensations, or more or less elaborated 
extracts from sensations. 

Vn. Among thèse extracts from sensation by which, in 
final analysis, we invariably conceive and define bodies, is 
there any one which we may legitimately attribute to them ? 
Or are bodies, indeed, nothing more than a simple collection 
of permanent powers or possibilities, of which we can aflSrm 
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nothîng except the effects they excite în us ? Or, indeed, as 
Bain and Mill, following Berkeley, think, are they pure non- 
entity, erected by an illusion of the human mind into sub- 
stances and external things ? Is there nothing more in nature 
than séries of transient sensations which constitute sentient 
subjects, and the durable possibilities of thèse same sensa- 
tions? Is there nothing intrinsic in this stone? Do we 
only discover in it relative properties, for instance, the pos- 
sibility of certain tactile sensations for a sentient subject, the 
necessity of thèse same tactile sensations for the sentient 
subject who will give himself a certain séries of muscular sen- 
sations, that is to say the séries of muscular sensations în 
conséquence of which his hand will arrive at touching the 
stone ? — We hâve already seen that what constitutes a dis- 
tinct being, is a distinct séries of facts or events. Consequently, 
în order that this stone may be, not the simple permanent pos- 
sibility of certain sensations of a sentient subject, a vain and in- 
effectuai possibility in case ail sentient subjects were sup- 
pressed, it is necessary that it should be, in addition, a distinct 
séries of facts, or of real or possible events — events which would 
still be produced in the absence of ail sentient beings. May 
we by induction and analogy attribute to it such a séries? — ^AU 
followers of Berkeley are agreed that we may legitimately do 
so by induction and analogy, when, instead of a stone, we are 
dealing with a sentient subject, man or animal, other than 
ourselves. In this case not only do we conceive the object 
perceived by our sensés as a collection of permanent possi- 
bilities, but more than this, we rightly attribute to it a séries 
of sensations, images, and ideas, more or less analogous to 
our own, and we legitimately transfer to it events which pass 
in us. By this transfer, instead of the simple possibility 
which it was, it becomes an actual thing in the same way as 
ourselves, and we recognize in it a distinct existence, inde- 
pendent of ours, since the events which constitute it, though 
proved by us, hâve no need of our events for their production 
and succession. 
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Is there any séries of internai events whîch we may, still 
by induction and analogy, transfer from ourselvesto the stone, 
in order to confer on the stone the independent and distinct 
existence which we hâve conferred on the being similar to 
ourselves or on the animal? — Yes, certainly, at least in my 
opinion, and by means of preliminary éliminations. As we 
hâve seen just now, from the séries of muscular sensations 
by which we conceive motion, we eut away ail the characters 
whîch can distinguish ît from another séries. After this 
great suppression, it is nothing more for us than an abstract 
séries of successive states, interposed between a certain initial 
moment and a certain final moment. Each of thèse com- 
ponent states has been stripped of ail qualities, and is defined 
only by ît position, înthe séries, as being nearer or more dis- 
tant from the initial or the final moment. It is this séries 
more or less short, of successive states comprised between 
an initial moment and a final moment, and defined only by 
their reciprocal order, that we term pure motion. — Now, we 
hâve ail the reasons in the world to attribute this to the un- 
known things we term bodies, to be certain that it passes 
from one to another of them, and to lay down the laws of 
such communication. In fact, if ail sentient beings were sup- 
pressed, our stone would still subsist ; and this does not merely 
mean that the possibility of certain visual, tactile, and other 
sensations would still subsist ; it also means that the unknown 
things we term molécules, and which make up the stone, 
would still subsist ; in other words that the movable motive 
powers of which the stone is the aggregate would continue 
to weigh on the ground proportionately to their mass, and 
would go through the same internai oscillations as they do at 
présent. Whatever be the being, animate or inanimate, we 
may consider it in two aspects, with relation to others, and 
in itself. — In relation to others, it is a condition of events for 
the others, and, especially with relation to us, it is a condition 
of sensations for us ; in this respect it is determined, but solely 
with relation to us, and we can say nothing more of it than 
8 
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that it îs the permanent possibility of certain sensations for 
us. — On the other hand, in itself, ît is a séries of events which, 
in certain conditions, tend to be accomplished ; in this respect 
it is dctcrminate in itself, and we may say of it that it is thij 
séries conjoined to the tendencies by which it is accomplished. 
— This man is, first, the permanent possibility of tactual, Vis- 
ual, and other sensations, which I expérience in his neighbor- 
hood ; and further, he is a distinct séries of sensations, images, 
ideas, and volitions, conjoined to the tendencies by which 
this séries is accomplished. So, too, this stone is, first, the 
permanent possibility of visual, tactile, and other sensations, 
which I expérience in its neighborhood ; and further, it is a 
distinct group of tendencies to motion, and of distinct motions 
in way of being accomplished. 

No doubt, we know nothing of animate or inanimate beings 
except from the sensations they give us. No doubt, too, the 
various materials with which we internally construct their idea 
are our sensations, or more or less elaborated extracts from 
our sensations. But we may, upon authentic évidence, refer 
to things external, some of thèse more or less transformed 
and reduced materials, and attribute to such things a distinct 
existence without us, analogous to that which they hâve within 
us. We are naturally inclined by imagination and sympathy 
to this opération. At the sight of a rocket fired off, just as 
at the sight of a flying bird, we involuntarily put ourselves 
in the place of the object ; we mentally repeat its flight; we 
imitate it by our attitude and gesturcs. Infant nations, in 
whom this aptitude is intact, carry it out to far greater ex. 
tents than we do. The primitive man, Aryan or Greek, bes- 
towed his soûl upon fountains, rivers, mountains, clouds, the 
air, upon ail the aspects of the heavens and the day ; he saw 
in inanimate things, living beings similar to himself. Gradu- 
ally, by means of expériences and vérifications, we hâve re- 
strained this too complète transference of ourselves to exter- 
nal things. At présent, we hâve reduced it to a minimum ; 
we hâve suppressed even the last vestiges of the primitive 
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error; we no longer attrîbute to înanimate things, attrac- 
tions, repulsions and efforts, conceived on the model of oui 
mental states denoted by thèse words ; when we use such 
language, we know that it is merely by approximation and 
metaphor. If we attrîbute motion to bodies, it is after strip- 
ping its éléments of ail human qualities, after taking from 
them ail the characters by which they were at first sensations, 
by carefuUy leaving nothing of them but their relative order, 
their position in relation to the inital and final moment, their 
more or less speedy succession in the same interval of time. 
In this State of extrême atténuation and curtailment, the con- 
tinuons séries of successive events constituting the motion of 
a stone we throw, is nothing more than a very slight extract, 
the slightest possible extract, of that continuons séries of 
successive muscular sensations first constituting to us the 
motion of our hand. But we may justly attribute such a séries 
to the stone, and in this respect, it is to us a being as real, 
as complète, as distinct from us, as any particular man or 
horse.* 



* By this addition to the theoiy of Bain and Mill, we restore to bodies an actual 
existence; independent of our sensations. But the theoiy, with the aid of this ad- 
dition, leads os mach further, and enables os to complète the views we hâve al- 
ready presented upon the relations of physical and mental events. (See part i. 
book iv. ch. ii. p. 200.) 

It foUows, from the analysts of motion, that it is not absolutely heterogeneous 
to sensation : for our idea of it is formed from the materials supplied by our mus- 
cular sensations of locomotion. In the séries of successive muscular sensations 
which make up a whole sensation of locomotion, sirip the component sensations 
of ail intrinsic quality and différence ; consider them abstractedly, as pure succes- 
sive events, determined soldy by their relative order in the séries, and by the whole 
time they take to succeed one another in this order from the initial to the final 
moment ; it is this abstract séries which constitutes to us the movements of our 
arm, and which we attribute by induction and analogy to the stone our hand carries 
with it — ^Now, the éléments of this abstract séries being thus brought down to the 
maximum degree of possible simplicity, maybe considered zseUmentary sensation at 
their maximum of possible simplidty. In such a case the most simple motion, 
snch M we attribute to a movable point, would be precisely the most simple séries 
of those elementary mental events, whose degraded forms we hâve seen extending, 
while beu)ming still more degraded, under the compound mental events, iensatioiis« 
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VIII. We now know the materials by whose assemblage 
the conception of a body is formed. AU thèse materials are 
images of sensations, possible under certain conditions, and 
neccssary, under the same conditions, with a complementary 
one added. When nothing contradicts this conception, and 
when, instead of being repressed and négative, it is exciteci and 
sustained by the actual sensation, it is affirmative and becomes 
a judgment. Therefore, we now see the part it plays in an 
external perception. I lay my hand in the dark on this mar- 
ble table, and I hâve an actual sensation of contact, of résist- 
ance, and of cold. Upon this sensation, images ariseofmany 
distinct and interconnected sensations, that of the precisely 
similar sensations of contact, résistance, and cold, which I 
should expérience if I repeated the trial, that of the nearly 



and images, of which we are conscious. Sensations and images would thas be 
but more complex cases of motion. — By this réduction, the two idioms, of con- 
sciousness and of sensé, by which we read the great book of Nature, would be re- 
duced to a single one ; the mutilated text and the mutilated interlinear translation 
which mutually supply one another would be one and the same tongue, written in 
différent characlers, ^^dth more complex characters in the supposed text, with more 
simple characters in the supposed translation, and the link Connecting the trans- 
lation and the text would be found in the relation discovered between our idea of 
motion and the muscular sensation of locomotion which supplies the éléments of 
this idea. 

If this be admitted, we are enabled to include nature in a gênerai glance. 
The simultaneous séries of successive events composing it would be ail homogene- 
ous. Their type would be fiimished us by the sensation as we observe it in our- 
selves, and in the elementary sensations, more and more dcgraded and simplified« 
of which this whole sensation is made up. At the extrême Umit of simplicity ail 
would be reduced to motions, which would themselves be nothing more than con- 
tinuons séries of infinitésimal sensations, strippedof ail quality, and definable only 
in respect of quantity, that is to say by the duration employed in their accomplish- 
nient, and by the magnitude of the succeeding effect In this respect, ail the facia 
and events of nature might be reduced to motions, and our sciences, ail of which 
hâve for their object the discovery of simple éléments, might ail be reduced, as in- 
deed ail tend to be reduced, to mechanics. — But this would be so, from the analyt- 
ical aspect only. Motion itself wonld be conceivable only by the séries of muscu- 
lar sensations of which it is the most slender extract, and, directly, the type of ex- 
istence would be the mental event, sensation, or image, just as consciousness pre> 
lents it to os. 
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sîmîlar sensations of contact, résistance, and cold, which 1 
should expérience if I placed my hand beyond the spot I 
touched, that of the muscular sensations of locomotion, dur- 
ing which thèse tactile sensations would be received, and at 
whose expiration they would be no longer received, that of 
the Visual sensations of color and form, which would arise in 
me if there were light and my eyes were open, etc. I further 
believe that, by placing myself under the required conditions, 
not only might I expérience the sensations in question at 
any moment of the future, but, moreover, that I might hâve 
experienced them at any moment of the past, and that the 
same would happen at any moment of the présent, past, 
or future, with every being analogous to myself. 

In thîs group of images called up by the sensation, two 
things must be distinguished, the images themselves, and the 
reflection by which I remark the permanent possibility, at ail 
times and for every sensibile being, of the sensations which 
they represent. The first of thèse two things is animal, the 
second is human. — In fact, animal expérience is sufficient to 
attach the group of images to the sensation ; we hâve seen 
the laws of revival and association which form and arouse it. 
When a dog touches the table, ail the images we hâve cnu- 
merated arise in him as in us ; consequently he can foresee, 
as we do, that if he runs against the table he will be bruised, 
that if he lies down on it he will feel cold, that if he opens 
his eyes to look at it he will hâve a certain visual sensation. 
This is sufficient to enable him to avoid danger, to provide 
for his wants, to direct his proceedings. If he sees, smells, or 
touches a pièce of méat, he has, by revival and association, 
the image of a sensation of pleasant taste, and this image in- 
duces him to snap it up. When he sees a lifted stick or hears 
the crack of a whîp, he has, by revival and association, the 
image of a painful sensation of touch, and this image induces 
him to run away. In his case there is nothing more ; he is 
not possessed of language, he has not the means of disceming 
and isolating the characters of his image. — We bave thèse 
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means, and avail ourselves of them. The child leams the 
words tabU^ sticks meat^ stone^ tree^ and others ; they gradual« 
ly become équivalent for him to the group of animal ims^es 
which first constituted his whole perception. He incessantly 
avails himself of them ; when grown up, he cnquires into 
their meanîngs and couples them. The man then observes 
that the sensation of which he.has the image was possible 
just before, that same morning, the day before, that it wilP 
be possible presently, this evening, to-morrow, and at every 
intervening moment, and not only for him, but for evey be- 
ing analogous to himself. He notes this possibility ; he dis- 
engages it from the sensations in which it is included ; he îs 
struck by the singularity of its independence and permanence 
in the midst of the continuous flow and manifest dependence 
of the sensations. He dénotes it by the words property, 
power, force. As it is independent and permanent, it seems 
to him alone worthy of attention, and henceforth, to fill the 
scène of being, he puts it into the first rank with other simi- 
lar Possibilities. — He correspondingly discards or lays aside 
as of small importance fugitive sensations, and, owing to their 
omission, forgets that properties, powers and forces are but 
extracts from them. He attempts to consider, apart and in 
itself, this permanent and independent thing which he has only 
isolated by an oversight. Thus, he créâtes an empty sub- 
stance ; metaphysics sets to work and builds her card-castles 
upon this entity ; in order to upset them the most rigorous 
analysis is hardly sufficient. — There remains, then, to consti- 
tute the perception of a body, first, an actual sensation and 
an associated group of images, next, the conception, that is 
to say the extraction and notation by means of a sign, of a 
character common to ail the sensations represented by thèse 
images, a permanent character which, when interpreted by 
metaphysical illusion, becomes isolated and appears a separate 
being. Sensations and images, thèse form the crude and 
primitive materials ; graduai and superadded abstraction corn* 
pletet the édifice^ — Hère we hâve the first foundation pf the 
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hallucinatory semblance which anses in us» when, upon a sen- 
sation, we conceive and affirm an extended, resisting, mova- 
ble substance, localized, and possessed of other sensible prop- 
erties. The opération which complètes it and opposes it to 
ourselvesy by casting it into the distance and situating it with 
out us» remains to be described. 



CHAPTER II. 

EXTERNAL PERCEPTION AND THE EDUCATION OF THE SENSES. 

I. Along wîth the great mental process of which we hâve 
been speaking, another is accomplished, as involuntary, as sî- 
lent, and asfruitful in illusions and cognitions. Every spécial 
sensation becomes transformed, and acquires an apparent posi* 
tien. We never now expérience a sensation without assîgn- 
ing it a place. As soon as we hâve an impression of cold, of 
beat, of pain, of contact, of muscular contraction, of taste, of 
smell, we can point out more or less precîsely the spot at which 
we feel it, as — in the hand, the cheek, the middle of the arm, 
the nose, the tongue. — There is no appréciable interval be- 
tween thîs judgment and the sensation itself ; we are even 
tempted to believe that the two events are one, and that we 
observe, at the same moment, the twitch of pain and its lo- 
cality. There is, though, an interval between thèse two ob- 
servations, and the délicate processes employed by physiolo- 
gists hâve recently succeeded in measuring it ;* the fact is 
that the opération by which we localize our sensation in a 
particular spot of one of our limbs is a subséquent and more 
or less complex addition, whose more or less numerous mo- 
ments require for their succession a longer or shorter time.f 

* Experiments of Helmholtz, Marey, De Bezold, Hirsch, Van Deen, Donders, 
De Jaager, Wolf. CoUected and summed up by M. Radan, in the " Revue des 
Deux Mondes,** i Aug. 1867, p. 794. 

f M. de Jaager told the person on whom he was experimenting to touch the 
key of the electric machine with his left hand, when he received the shock on hit 
rigjbt ftide, and with his right hand when he received the shock on his left side. 
Thns, two cases wtre présentée. Sometimes tht person was told beforthaad that 
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— By this localizing opération our sensation receives a false 
appearance, and this appearance begets others, which are, in 
themselves, illusions, but which, by theircorrespondence with 
things, constitute the perfectionment or éducation of the 
sensés. — When once the sensation has arrived at this state, 
the bodies it reveals to us correspondingly receive new char- 
acters ; the hallucinatory semblance which constitutes exter- 
nal perception is completed ; and the object, which appeared 
only as something permanent and fixed, now appears as some- 
thing beyond us and withotit us. 

II. I put my foot to the ground ; I expérience a sensation 
of pressure, and détermine that it is situated in my left foot, " 



the shock would be received on a particular side, the righf, for instance ; in thia 
case, the interval between the shock he received and the consécutive signal he gave 
«mounted to *2 of a second. Somelimes he was not told on what side he woiild 
teceive the shock, and the shock came, for instance, from the right ; in this case 
the interval between the shock he received and the consécutive signal he gave 
amounled to '27 of a second. The différence, ihen, between the two cases amouût- 
ed to '07 of a second. — It is clear that in each case the crude sensation was produ- 
ced at the same instant ; but, in the first case the image of the shock on the right 
was fui ly prepared to enter on the scène, and was not counterbalanced, as in the 
second case, by the equal readiness of the image of the shock on the left. To up- 
set this equilibrium, and to permit the image of the shock on the right to attach 
itself by sélection to the supervening sensation, required a certain time, and by the 
experiment the time required is '07 of a second. — In gênerai, between a sensation 
and a consécutive signal there elapses two-tcnths of a second, and, if the sensation, 
that of a momentary sound, of an electric shock, of a spark, requires to call up an 
auxiliary image, it employs, when this image is not in readiness or is counterbal- 
anced by another, one-tenth of a second longer than when this auxiliary image is 
in readiness, or has no antagonist. — Images, then, require an interval of time to 
connect themselves to the sensation, and this interval is increased when their call» 
ing up is less prepared or more disputed. 

MM. Donders and De Jaager made the experiment in a slightly différent man* 
ner. One of them pronounced a syllable, the other repeated it as soon as he heard 
it ; the vibrations of the word were registered by a phonautograph ; when the re- 
peated syllable had been agreed on beforehand, the différence obscrved was two- 
tenths of a second ; in the other case, it was three-tenths. — ^Analogous results were 
obtained by an observer noting the appearance of a white or red light, and being, 
In tam, infonned and not infbrmed which would be shown. 
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that ît îs strong în the mîddle of the foot, light at thc heel 
scarcely perceptible at the toes. Let us consider this conclu- 
sion ; taken in itself, it is false ; the sensation is not in my 
foot. In this case, physiologists long ago detected the error 
and established the theory. The truth is that a disturbance 
is produced in the nerves of the foot, of greater extent in the 
sole, and of less at the toes and heel, that this disturbance is 
communicated throughout the whole course of the nerves to 
the sensory centres of the encephalon, and that the sensation 
really takes place in the encephalon. We are mistaken in 
situating it in the periphery of the nervous System, it is at 
the centre ; what is produced in the foot is not the sensation, 
but the commencement of the nervous disturbance of which 
the sensation is the final resuit. 

There are superabundant proofs of this. They may be 
ail summed up by saying that, in many instances, the sensa- 
tion appears situated in a place where it certaînly is not. By 
meansof thèse instances we prove a gênerai law: that, in our 
présent state, as soon as a sensation arises, it is accompanied 
by a judgment in which we pronounce it to be situated in 
some particular spot. It may be that, in such a case, there 
actually is a nervous disturbance at this spot, or, it may be, 
that there is no such disturbance there. It matters little ; 
the judgment takes place in the second case as well as in the 
first, the sensation, by itself, is sufïicient to give rise to the 
judgment, and acquires through the judgment an apparent 
situation. The situation, then, was acquired in the first case, 
when nervous disturbance was existing at the indîcated spot, 
just as in the second case, in which no nervous disturbance 
was existing there. When once it is established, in accord- 
arce with the second case, that a certain position attributed 
to a certain sensation is apparent only, it invincibly follows 
that, in the first case, the same position attributed to the same 
sensation is also apparent only. If, then, in the first case, 
we find an3^hing at ail at the indicated spot, it is not the sen« 
sation, but one of its antécédents or conséquents, an event 
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connected with it, and which it dénotes, a real event, no doubt, 
but other than the sensation, and which, by a happy correspon- 
dence, usually accompanies the sensation in the normal state. 
Let us now consider the cases by which we are undeceived. 
There is, first, a class already mentioned, that of persons who 
bave lost limbs. " It is a fact," says Mueller, " known to ail 
surgeons, and subject to no exception, that when a limb has 
been removed by amputation, the remaining portion of the 
nerve which ramified in it may still be the seat of sensations, 
which are referred to the lost part. It is usually said that 
the illusion continues for some time, namely, as long as the 
patient is under the care of the surgeon ; but the truth is, 
that in most cases it persists throughout life : of this it is easy 
to convince oneself by questioning a person whose limb has 
been amputated, at any period after the opération. The sen- 
sations are most vivid while the surface of the stump and the 
divided nerves are the seat of inflammation, and the patient 
then complains of severe pain felt as if in the whole limb which 
has been removed. When the stump is healed, the sensa- 
tions which we are accustomed to hâve in a sound limb are 
still felt ; and frequently throughout life there is a tingling, 
and often pain, felt, which are referred to the parts that are 
lost. Thèse sensations are not of an undefined character ; 
the pain and tingling are distinctly referred to single toes, to 
the sole of the foot, to the dorsum of the foot, to the skin, 

&c I hâve convinced myself of the constancy of 

thèse sensations — of their continuance throughout life — al- 
though patients become so accustomed to them as to 

cease to remark them A man whose thigh had been 

amputated, still had, after the expiration of twelve years, 
feelings which seemed to be in the toes and sole of the lost 

foot, and occasionally severe pains referable to the sole 

I applied a tourniquet to the stump, so as to press upon the is- 
chiatic nerve ; and he immediately said that he felt his leg asleep, 

and a very distinct tingling in the toes Another, who 

had his arm amputated above the elbow, thirteen years ago, 
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has never ceased to hâve sensations as if in the fîngers. He 
imagines that he feels the hand in a bent position. He feela 
a pricking in the fîngers, particularly when he lies upon the 
stump, se as to press the brachial nerves. I applied pressure 
to the nerves in the stump ; and he immediately felt the whole 

arm, even the fingers, as if asleep Another, whose 

right arm had been shattered by a cannon-ball in battle, 
above the elbow, twenty years ago, and afterwards amputa- 
ted, had stiil, at changes of the weather, distinct rheumatic 
pains, which seemed to him to exist in the whole arm ; and 
though removed so long ago, thelost part was, at those times, 
felt as if sensible to draughts of air. This man also com- 
pletely confirmed our statement, that the sensé of the integ- 
rity of the limb is never lost." * — Thèse illusions are strongest 
at night ; the patients are sometimes then compelled to put 
their hands to the spot where their limb ought to be, to con- 
vinfe themselves of its absence. When the subsisting por- 
tions of the nerves become painful, they hâve still more diffi- 
culty in rectifying their error; one man, after eight months 
had elapsed, could only undeceive himself by feeling at night 
and looking by day at the empty place left by the amputation 
of his left arm. — It is plain that in ail thèse cases the sensa- 
tion of twinging, of the limb beîng asleep, of tingling, of pain, 
is not situated in the absent limb, therefore the same sensa- 
tion is not situated in the limb, when the limb is there ; thus, 
in the two cases, in the normal and the abnormal state, the 
sensation has not the situation we attribute to it ; it is else- 
where ; it is not the sensation, but a nervous disturbance 
which, in the normal state, occupies the place at which the 
sensation seems to be. The nerve is a simple conductor; 
from whatever point its disturbance may start on its way to 
arouse the action of the sensory centres, the same sensation 
is produced, and involves the play of the same internai mech 



• Muellcr, " Physiology ** (tr. Baly), i. riç4, 695, w. 
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anism, that is to say, the attribution of the sensation to some 
spot other than the sensory centre. 

Numbers of facts are explicable by this observation : a 
violent blow on the cubital nerve excites a pain which ap- 
pears to be situated through ail the ulterior course of the 
nerve, especially at the back and palm of the hand, in the 
fourth and fifth fingers. — The same thing happens, if the 
clbow be plunged into a mixture of water and pounded 
ice. — Again, when the cubital or sciatic nerve is compressed, 
the feeling of pricking or of being asleep seems to be ex- 
perienced by the internai parts of the limb. " In an ampu- 
tation," says Mueller,* " at the moment of the division of 
the nerves, the most violent pains are felt, as if in the part 
which is being amputated, and to which the divided nerves 
are distributed. The experienccd surgeon of the Hamburg 
hospital, Dr. Fricke, assures me that this is a constant phe- 
nomenon." — For the same reason, disease of the nervous 
trunk, or of the marrow, excites pains or tînglings which 
the patient believes to be situated in the healthy extremities 
of his limbs. — So, too, certain paralyzed persons, whose exter- 
nal parts are wholly insensible to pricking and buming, still 
feel in them pains and twitchings. — Lastly, take the cases in 
which the peripheral parts of the nerve are not paralyzed, 
but displaced, as happens in the transposition of portions of 
skin. The sensation, being the same as before the transpo- 
sition, will be accompanied by the same localizing opération, 
and will appear situated in the original spot. In fact, " when, 
in the restoration of the nose, a flap of skin is turned down 
from the forehead and made to unité with the stump of the 
iiose, the new nose thus formed has, as long as the isthmus 
of skin by which it maintains its original connections remains 
undivided, the same sensations as if it were still on the fore- 
head ; in other words, when the nose is touched the patient 



• MuclIcr, op. cit. (tr. Baly), i. 691. 
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feels the impression on the forehead."* We may confidently 
décide, then, that the sensation, though really situated in 
the sensory centres, has the property, at least in our présent 
state, of invariably appearing to be situated elsewhere. 

Let us foUow out the examination ; our assurance will be 
further strengthened, and we shall begin, at the same time, 
to distinguish the law which régulâtes the localizing opéra- 
tion. — In ail the foregoing cases it localized our sensation 
at the perîphery of the nerve, from which the nervous dis- 
turbance resulting in the sensation usually starts. But this is 
not always so. There are parts of our bodies, like the teeth 
and hair, which are not provided with nerves, and which are, 
in themselves, whoUy insensible ; but still we situate many 
of our sensations at the external extremities of thèse parts, 
where no nervous disturbance can possibly be produced.t 
" If some part of the beard," says Weber, " for instance, at 
the side of the cheek, be lightly touched, where do we imagine 
that we feel this pressure exercised on the hairs of oar skin ? 
Not in the sensible parts, to which it is propagated through 
the horny cylinders, and at which it acts on our nerves, but 

at some distance from the skin If we put a little 

pièce of wood between our teeth, and press it with them, 
we imagine the résistance it ofTers to be situated at the sur- 
face of the teeth, where, however, there are no nerves, 
and where, consequently, we can feel nothing. On the 
other hand, we hâve no feeling whatever of the pressure ex- 
ercised on the internai surface of the root of the tooth in the 
alveolus in which it is hidden ; though this is where the pro- 
pagated pressure is actually exercised upon the highly ner- 
vous membrane surrounding the root of the tooth, andis the 
onlyspot at which it acts on our nerves.** — Further than this: 
" not only do we wrongly situate pressure acting on the sur- 



* Mueller, op. cit. (tr. Baly), i. 697. 

t Weber, Article Tastsinn in the " HandwOrterbuch " of Rudolph Wagner, 
iii, part ii. p. 488 et seq. 
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face of the insensible substances growing from our skîn, but 
we also make the same error when we place a little stick be- 
tween our fingers and feel with it a resisting body, as for in- 
stance, the table/* In this case, two sensations are simultane- 
ously produced, one which appears to be situated at the ex- 
tremity of our fingers, the other at the extremity of the stick. 
If the stick be fixed to the extremity of our fingers and mov- 
able at the other end, the first sensation îs effaced and the 
second prédominâtes. If the stick îs movable at the extrem- 
ity of our fingers and fixed atthe other extremity, the inverse 
is the case. — By this experiment we détermine the lawof the 
opération ; evidently, the localizing judgment situâtes each 
of our sensations in the spot in which we are accustomed to 
meet with the cause or condition which is accustomed to ex- 
cite ît.* If, from birth, the stick had been attached to one 
of our hands, like the long sensitive exploring whiskers of a 
cat are attached to its cheeks and lips, like the stag's hom is 
attached to its brow, and our beard and teeth are attached to 
our membranes, we should situate things we came into con- 
tact with at the end of the stick, as the cat probably situâtes 
what it touches at the end of its whiskers, and the stag at the 
end of its horns, as it is very certain we situate our contacts 
at the extremities of our beard and teeth. 

III. The conséquence is that when a sensation has for its 
usual condition the présence of an object more or less distant 
from our bodies, and expérience has once made us acquainted 



• Vulpian. — ^" Leçons sur la Physiologie du Système Nerveux," 287. Experi- 
ment of Paul Bert. 

The tail of a rat is eut law with a bistnury and implanted in the anîmarsback, 
where it becomes grafted. The tail is then divided at about a centimètre from its 
root. The rat will then hâve it growing backwards, out of its back. For the first 
three months, there are feeble signs of sensibilit} when the tail is pinched. '* Aller 
six or nine months, the sensibility is much increased, but the animal does not yet 
recognize the spot in which he is pinched. After a year, he is perfectly aware of 
the spot, and will tum round to bite the pincers." We see hère the proof that ex* 
perience must intervene to enable the animal to localise its sensations. 
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wîth this distance, we shall sîtuate our sensation at thîs dis* 
tance. — This, in fact, is the case with sensations of hearing 
and sight. The peripheral extremity of the acoustic nerve 
is in the deep-seated chamber of the ear. That of the optic 
nerve is in the most inner recess of the eye. But still, in our 
présent state, we never situate our sensations of sound or 
color in thèse places, but without us, and often at a consid- 
érable distance from us. The ringing of a great bell seems 
to vibrate high in the air and very far off ; a railway whistle 
seems to pierce the air at some fifty paces to the left. — The 
position, even when distant, is clearer still in the case of visual 
sensations. This extends so far that our sensations of color 
seem detached from us ; we no longer observe that they ap- 
pertain to us ; they seem to form a part of the objects ; we 
believe that the green color which seems extended three paces 
from us on the surface of this arm-chair is one of its properties ; 
we forget that it only exists in our retina, or rather in the 
sensory centres which the disturbance of the retina disturbs. 
If we look there for it, we shall not find it there ; physiologists 
may prove indeed that the nervous disturbance which results 
in a sensation of color commences in the retina, just as the 
nervous disturbance which results in a sensation of contact 
commences in the nervous extremities of the hand or foot ; 
they may prove that the vibrating ether strikes the extremity 
of the optic nerve, as a vibrating tuning-fork strikes the sur- 
face of the hand : " we hâve not the least consciousness of 
this impression on the retina, even when we direct the whole 
force of our attention to the spot. * — AU our sensations of 
color are thus projected out of our body, and clothe more or 
less distant objects furniture, walls, houses, trees, the sky, 
and the rest. This is why, when we aftei*wards reflect on 
them, we cease to attribute them to ourselvcs; they are 
alienated and detached from us, so far as to appcar différent 
from us. Projected from the nervous surface in which wc 

♦ Wcbcr, ibid. 483. 
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localize the majority of the others, the tie which connectée! 
them to the others and to ourselves is undone, and it is un- 
done în accordance with a well-known mechanism, by the ob- 
litération of the imaginative opération which situâtes the sen- 
sation in some particular spot. 

In fact, as far as we are concerned, this opération is but 
a means: wc pay no attention to it ; the color and the object 
denoted by the color are what alone intercst us. Conse- 
quently, we forget or omit to observe the intermediate steps 
by which we localize our sensation ; they are to us as though 
they did not exist ; and we thereupon consider that we di- 
rectly perceive the color and colored object as si tuât ed at a 
certain distance ofif. — In conséquence of this, a contrast is 
established between this sensation and others. The others 
seem to be situated in a body belonging to us and specially 
connected with us, which we move at will, which accom- 
panies us in ail our changes of place, which answers to ail 
our touchings by a sensation of contact, in which we situate 
ourselves in such a way that it extends over, encloses, and 
circumscribes our personality. Our sensations of color seem, 
on the contrary, situated beyond this, on the surface of bodies 
foreign to ours, beyond the limited constant circle in which 
we are enclosed. There is nothing strange, then, if we cease 
to consider them as belonging to us, and end by considering 
them as something foreign to us. If they are fugitive as a 
flash of lightning, the ring of fire described by whirling round 
a buming coal, or an impalpable meteor, they seem to us a 
simple event with position and shape. If,asusually happens, 
they are stable like the color of a stone, of a flower, of a tan 
gibie object, they seem to us a more or less permanent and fîxed 
quality of that object. 

The reason of this is évident. As long as we rest our eyes 
on the gilded frame of this mirror, the long yellow stripe per* 
sîsts unchanged ; the unîform, incessant, prodigiously rapîd 
renewal of the vibrations of ether maintains it without altér- 
ation or discontinuity ; it does not disappear unless, by a 
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voluntary and foreseen movement of which I hâve sensation 
and recollectîon, I turn away my eyes and head. — More- 
over, whenever I look again for this yellow stripe, I invariably 
find ît in the same relative position, to the rîght of thedark 
glittering surface presented by the mirror, to the left of 
the striped gray presented by the paper of thewall. — Further 
still, the little bright or dark bands formed by the reliefs and 
hollows of the chasing always préserve the same relative pos- 
itions in the whole yellow stripe. Consequently, this yellow 
is not a transitory momentary thing like a flash of lightning ; 
ît does not cease of its owr. accord. Expérience shows me 
that I am sure of finding it again whenever I please ; from 
finding it présent, whenevei [ hâve turned my eyes towards 
ît m the light, I conclude by induction that it is constantly 
présent, ail circumstances remaining the same, at whatever 
moment of time I hâve turned or may turn my eyes towards 
ît, in any moment whatever of the past or the future ; there- 
fore it occupies them ail. Its existence past and future is thus 
prolonged indefinitely, and it is the same in ail thèse dis- 
tinct instants. It seems, then, a permanent quality in that 
group of permanent possibilities we term body. 

The truth, however, is that ail the colors with which the 
surrounding world seems decked are within us, and are sen- 
sations of our optic centres ; the considération of the sensa- 
tions of sight we term subjective is sufficient to convince us of 
this. Thèse sensations undeceive and instruct us with respect 
to sight, just as the illusions of persons who hâve suffered 
amputations do with respect to touch. Color is not in the 
object, nor in the luminous rays which spring from ît ; for, in 
many instances, we see it when the object is absent, and when 
the luminous rays are wanting. The présence of the object 
and of the luminous rays contribute indirectly only to 
cause ît to rîse ; its direct necessary and sufficient condition 
is the excitation of the retina, or which is more important of 
the optic centres of the encephalon. It matters little whether 
this excitation be produced by an impingement of luminous 
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rays, orotherwîse. It matters little whether ît be spontaneous 
or not. Whatever be its cause, as soon as it arîses, the color 
arises, and, at the same moment, that which we term the 
visible figure. Consequently, the color and visible figure are 
but internai events, which appear external. The whole of 
physiological optics rests on this principle, and, to convincc our- 
selves of its soundness, we hâve but to look at a few, among 
the hundreds of cases in which apparent color and figure arise 
of themselves, without any external object or pencil oflumin- 
ous rays directly or indirectly setting the nerve in action. 
When we hâve been looking steadfastly at a luminous or 
strongly illuminated object the excitation of the retina per- 
sists after we hâve ceased to look.* Hence arise the singu- 
larphenomena termed consécutive images. Thèse, in fact, are 
complète visual sensations which survive and are prolonged 
in the absence of their object. According to circumstances, 
în some cases the brighter portions of the consécutive image 
correspond to the brighter portions of the object, and the 
darker portions of the image to the darker portions of the 
object, and in some cases the inverse. In the second case, 
the colors of the consécutive image are the complementaries 
of the colors of the object ; that is to say, where tbe object is 
red, the image is of a greenish blue ; where the object is yel- 
low, the image is blue ; where the object is green, the image 
is rose-colored, and vice versa. — A number of analogous phe- 
nomena hâve been observed, and are explained by the persista 
ing excitation and diminished excitability of the retina after 
undergoing the action of light. — But there are other phenom- 
ena of the same kind, which are produced without there be 
ing any need for the intervention of light. It is enough in 
thèse cases if the retina be set in action by some other cause.-j 
If the eye be compressed with the finger we see luminous fig 
ures "sometimes annular, sometimes radiated, sometimes di- 

♦ Hclmholte." Physiologiscjie Optik/' 356 ; Mueller. " Physiology" (tr. BalyX 
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t Helffiholtz, ib. 418 ; Muç))er, op, cit. (tr. Baly), ii. 1163. 
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vided regularly înto squares. If in a room otherwrîse dark, a 
lightcd candie be moved to and fro, or in a circle, about six 
inches from the eyes, we soon sec a dark arborescent figure 
wliose branches extend over the whole field of vision, and 
which is nothing more than the expansion of the central ves- 
sels of the retina, or that of the parts of the retina covered by 
those vcssels." Sometimes, after compressing the cye, this 
arborescent figure appears luniinous. " Luminous moving 
points appear in the field of vision when we look fixedly at a 
surface uniformly illuminated, as, for instance, the sky, or a 
field of snow, and especially during a brisk walk or some other 
movement of the body." In cases of plethora or congestion, 
" when we hâve been lying down and suddcnly rise up, we 
see a number of little black bodies with tails to them jump- 
ing and moving in ail kinds of directions.*' — Différent narcot- 
ics, digitalis especially, excite flashings in the eyes. — And so, 
when disease inflames or irritâtes the retina, flashes and 
sparks are perceived, and, in surgical opérations, which neccs- 
sitate the section of the optic nerve. the patient sees great 
masses of light at the moment the instrument cuts the nerve. 
— But the retina and the whole optic nerve are themselves 
but intermediate conductors ; they serve to excite the optic 
centres of the encephalon, that is ail. Suppose the centres 
are excited and the conductors inactive ; the colored figure 
will arise and appear internai. This is the case with hallucin- 
ations of sight strictly so called, in which a reflected excita- 
tion propagates the images of the hémisphères to the visual 
centres of the encephalon. This is the case with the appear- 
ance following the prolonged use of the microscope, when the 
Visual centres of the encephalon re-enter several times spon- 
taneously into the state in which the action of the retina has 
set them too often and retained them too long. Thèse cases 
ail resemble that in which a spontaneous disturbance of the 
acoustic nerve causes us to hear and localize at a particular 
distance, and in a particular direction, a sound which thero 
is no vibration of the external air to produce. 
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Now ît îs plaîn that the color, like the sound, îs then wîth- 
în us, and cannot be elsewherc ; and still we project it with- 
out us, and situate it at a spot wherc it cannot be. We may 
know, indeed, by rcasoning that this situation is illusory ; the 
appearance is too strong for us; we perceive the luminous 
bîuish circle cxcited by a pressure at the inner corner of the 
eye, as if it werc situated a little above the outer corner, not 
in the retina, but without the pupils. Thus when we are 
givcn a visual sensation to which no external object corres- 
ponds, it excites the play of an internai mechanism which 
transports it without us, and which, according to its kind, and 
as it is provided with certain particular accompaniments, sit- 
uâtes it in one spot or another, always at the place in which, 
under ordinary circumstances, its ordinary cause or condition 
usually is : the law is a gênerai one, and explains ail the illu- 
sions of optics, — Consequently, even under ordinary circum- 
stances, when the ordinary cause or condition, that is to say 
the object, is présent, and occupies the spot denotcd, when a 
red arm-chair or a green trec is really six paces from me, the 
internai mechanism acts just as in the exceptional case in 
which I hâve a consécutive impression on the retina, or in the 
exceptional case in which I hâve an hallucination proper in 
the cérébral centres. Consequently, too, the red color with 
which the arm-chair is clothed, the green color which sccms 
to me incorporated with the tree, is nothing more than my 
sensation of red or of green, detached from myself and car- 
ricd, in appearance, to a distance of six paces from my eyes. 

Thus, ail our sensations are wrongly situated, and the red 
color is no more extended on the arm-chair than the sensa- 
tion of tingling is situated at my fingers* ends. They are ail 
situated in the sensory centres of the encephalon ; ail appear 
situated elsewherc, and a common law allots to each of them 
its apparent situation. The law is — that a sensation ap- 
pears to us to be situated at the spot in which we are accus- 
tomed to meet with its usual cause or condition, and this 
spot is the one at which the explorations of touch are capa- 
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ble, byactîng thcre, of checkîng or modifyîng the commencée! 
sensation. The singularîties, errors, and divcrsities of the 
localizing judgment are ail explaincd by this law. 

In the first place, we seethat thîs judgment must învaria- 
bly be false ; for the touch can never arrive at the sensory 
centres, to check or modify the commenced sensation ; the 
sensory centres are in the box of the cranium in a place our 
hands cannot reach. — Secondly, we see that in most cases the 
localizing judgment must situate the sensation somewhere 
near the peripheral extremîty of the nerves ; for, though the 
excitation of the whole course of the nerve is the normal an- 
técédent of sensation, our touch can only attain the parts ad- 
joining the peripheral extremity. It is, then, at this point 
and no other of the nervous cord, that the localizing judg- 
ment must situate the sensation. And this is true for ail sen- 
Bations, even for sensations of sight, at least in the first stage 
of their localization ; in fact, we shall presently show that per- 
sons born blind, at the moment a surgical opération restores 
their sight, situate colors near the perîphery of the optic 
nerve; it is later on, after a further apprenticeship, that they 
refer them beyond this, to the place where the objects are 
situated. — Thirdly, we see that the localizing judgment can- 
not situate sensations at the exact spot of the periphery of 
the nerve in action, but in its neighborhood, and in gênerai a 
little beyond it ; for the touch cannot reach the exact spot. The 
finger cannot reach the retina at the back of the eye, nor the 
pituitary membrane at the inner part of the nose, nor the 
acoustic nerve in the labyrinth of the ear, nor, in gênerai, any 
nervous periphery. What it reaches, are the envclopes and 
appendages of the nerve, the eyeball, the vestibule of the ear, 
the anterior chamber of the nose, the surface of the skin. 
There it is that it checks and modifies the commenced sensa- 
tion, or associâtes with it a sensation of contact. There, 
then, it is that we must situate the sensation, and it is the 
same with sensations of sight as with ail the rest ; persons 
born blindy who hâve lately been operated on, situate theit 
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new sensations at the surface of the eyeball, and not at the back 
of the orbit. — Fourthly, we see that in many cases the localiz- 
îng judgment must be vague ; for there are places which 
touch cannot reach, for instance, the internai parts of the 
limbs and trunk ; consequently, we situatc approximately and 
vaguely ail the sensations whose starting point is in the belly, 
the chest, the stomach, just as we do the partial sensations of 
which a total muscular sensation is composed. — Numbcrsof 
strange appearances are explained in the same way. If the 
exploration of touch is brought to a stop by a fixed eminence 
like the teeth, the sensation will appear to be situated at the 
surface of the eminence, though the nervous disturbance is 
much lower down. — If the exploration of touch cannot verify 
the positions of the two nervous disturbanccs, one of which 
is situated above, the other below, as happens with impres- 
sions of the retina, and if, at the same time, it finds the two 
external conditions of thèse two impressions situated in an 
inverse order with relation to each other, as happens with vis- 
ible objects, we shall situate in the inverse ordcr the two sen- 
sations derived from them. In fact, images of objects are re- 
versed upon the retina ; the feet of a figure are above and the 
head below, and nevertheless, we situate the head above and 
the feet below. The apparent position of our two sensations 
is thus found to be the inverse of the real position of the two 
disturbances. 

It remains to be shown how, in accordance with the same 
law, the localizing judgment situâtes certain kinds of sensations 
beyond our nervous superfices. The fact is, there are two 
stages, and the judgment, according to the nature of the sen- 
sation, stops at the first or goes on to the second. — ^Two kinds 
of sensations, the visual and auditory, can alone pass through 
both stages ; they alone are clearly projected from their first 
position to some particular spot or other of the outside 
world. The fact is, they alone furnish materials for an ulte- 
rior localization. — Take, for instance, two visual sensations. 
Not only bave they a common organic condition, the modifi- 
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cation of the open eye, but besides they hâve each of them a 
spécial external condition, the présence in a particular spot of 
the outer world of an illuminated body, a condition to which 
there corresponds in them some précise and notable character, 
according as the body îs in one place or another. When by 
feeling with the hand or by closing the eyelids, we hâve 
proved their common organic condition, we prove, by othcr 
feelings, and by changing our position, their différent external 
conditions. We hâve interrupted ail our visual sensations by 
the same act — by closing our eyelids ; we interrupt our différ- 
ent visual sensations în différent manners, by extending oui 
arm more or less, by încreasing our change of position, by 
covering with our hand the illuminated surface of the body 
which emits the rays, Now, thèse are the only différences 
whîch can înterest us ; for thèse are the only indications which 
direct our action ; they alone suggest to us the number of 
steps and the extent of the movement, by which, through 
reaching the object, we reproduce in oursclves some anterior 
State which was agreeable or useful to us, or, by which, in re- 
moving ourselves from the object, we avoid some anterior 
State which was displeasing or hurtful. — Our attention, then, 
îs directed solely to thèse ; the gênerai association which had 
lîrst joined our différent visual sensations to the idea of the 
movement by which our hand reaches our eye, is effaced as 
useless ; the éducation of the eye is accomplished ; useful as- 
sociations become established and alone subsist. Each dis- 
tinct visual sensation îs combined with the idea of a distinct 
movement of more or less length, effected în one or another 
direction ; ît takcs thîs idea as îts associate; henceforward, il 
is inséparable from it. By thîs combination, it becomes situ- 
ated at a greater or less distance, in one place or another, but 
always în the outer world. 

The same reasoning applies to the place of audîtory sen- 
sations. — Now, îf thcsc two sorts of sensations hâve this sin- 
gular peculîarîty, ît îs because, by a spécial peculiarity, there 
corresponds to each variation in the situation of their distant 
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cause, a précise variation in the sensations themselves. Wc 
shall see later on how the précise variations of the sensation 
of sight are effcctcd by the adjustment of the crystalline lens, 
the greater or less convergence of the two eyes, the contrac- 
tion of the motor muscles of the eye. With respect to hear- 
îng, whosc localizations are less exact, variations less précise, 
but still précise, are furnished by the greater or less intensity 
of the whole sensation entering both ears, and by the greater 
intensity of one of the two component sensations. — It is not 
the same with the other sensés. Their sensations indicate 
nothing, or next to nothing, as to position. For, first, a sen- 
sation of contact, of pressure, of taste, îs only produced when 
the external cause touches the skin, the mouth, or the palate ; 
at a distance, this cause does not operate : this is how the 
sensation which it excites does not vary according to dis- 
tance ; the localization remains checked at its fîrst stage, and 
we situate the sensation at or near the place, in which the ex- 
plorations of touch meet with its organic condition. — As to 
sensations of smell and heat, in certain cases, and up to a cer- 
tain point, we are capable of appreciating vaguely, by the 
force or feebleness of the sensation, whether its origin is near 
or distant ; sometimes we can even dîstinguish whether it is 
on our left hand or right ; but it is nearly always necessary to 
make a ncw examination. When our eyes are shut, we dis- 
cover by smelling about, by turning the head in différent di- 
rections, that the smell comes from a bouquet placed on a par- 
ticular side of us, that the cold comes from a particular chink. 
But we do not know this with précision and at once ; the 
idca of a certain movement of measurement does not présent 
itself îmmediately, by virtue of an ancient and fixed connec- 
tion, and attach itself to the sensation so as to localize it in 
one spot rather than another of the outer world. Conse- 
quently, we remain in suspense ; we are tempted to consider 
our sensation, sometimes as a sensation, sometimes as an un- 
known thing which starts from without and enters us. The 
words smell, cold, beat, remain ambiguous, and dénote, in or- 
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dinary language, sometimes the one, sometîmc s the other ; 
thîs is because the second stage of localizatîon has commenced 
and broken down. It would not break down if the no§trils 
were placed like the ears, on the two opposite sides of the 
head, and could thus discern in a whole sensation of smell, two 
sensations, one stronger than the other, or if there werc two 
symmetrical, distinct and opposed portions of the body chargcd 
to receive sensations of beat. — We see that the same law cx- 
plaîns both the definite and the indefinite situation we attri- 
bute to our sensations, sometimes in the neîghborhood of the 
peripheral extremitîes of the nerves, sometimes elsewhere and 
at a greater distance. 

To sum up, in our présent state, the situation we attribute 
to our sensations is always false ; that which is situated at the 
spot in which we place them is their usual cause or condition, 
sometimes, the organ in which the primary nervous distur- 
bance of which they are the resuit is effectcd, sometimes, the 
external object which excites the nervous disturbance. This 
cause or condition may be absent, as its présence is usual 
only ; in any case, whether présent or absent, the localizing 
judgment is an illusion, since we invariably situate the sen- 
sation where it is not. Usually, this judgment is practically 
effective, through the provisions it suggests and which direct 
our conduct ; in itself it is nothing more than an illusion, 
which is gcnerally useful, a fundamental error which nature 
and expérience hâve constructed within us and established in 
us perpetually, to act as a preservative of our life, and an or- 
gan for our action. 

IV. The localizing judgment remains itself to be studiec*. 
— To see of what éléments it is composed, let us revert to our 
first example. I hâve just put my foot to the ground, I fcel 
a sensation of pressure, and at the same time détermine the 
place of the sensation ; it is in my left foot, strong in the mid- 
dlc of the foot, slight towards the heel, almost imperceptible 
at the toes. In what do thèse last observations consist ? — 
Each one of us may observe in his own case that, in order to 
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make them, we imagine with more or less cleamess the foot 
în question, and imagine it visually, that is to say by images 
of the optical sensation it would excite in us, if we wcrc then 
lookîng at it with our eyes open. We picture to ourselvcs 
tlie foot at a certain distance from our eyes, the curvature of 
tlie sole, the form of the heel, the row of toes. We even, if 
we persist, see mentally the color of the flesh, browner to- 
wards the heel, whiter at the sole, and redder beneath the 
toes. In fact, we hâve within us a visual cJiart of our body. 
We represent it to ourselves just as we should any other ob- 
ject of which we hâve ocular expérience. To each distinct 
sensation there is in the chart a distinct corresponding point, 
which has been associated with the sensation by expérience. 
When the sensation arises, this point revives, and their junc- 
tion situâtes the sensation in some particular one of the dif« 
ferent points of the field which actual, or simply mental sight 
is accustomed to traverse. 

But it is évident that a chart like this is an ulterior and 
spécial acquisition. It is wanting to persons bom blind, and 
still they are perfectiy able to dénote the position of their 
sensations. They hâve then another chart which fulfils the 
same office, and, as we hâve ail their sensations, in addition 
to the sight which they do not possess, it follows that we pos- 
sess a second and whoUy différent chart, which is common to 
us with them, in addition to the visual chart, which is spécial 
to ourselves. — This second chart has as its éléments muscular 
and tactile sensations. It is composed of the images of thèse 
sensations, and, in many instances, we prove their existence 
în ourselves, as, for example, with respect to portions of our 
body which we cannot observe with our eyes, and as to which 
the visual chart is consequently not clcar. — Such, for instance, 
is the inside of the mouth, which we can only see by the aîd 
of a glass, the back of the head, of the neck, of the trunk, of 
the thighs, which we can only see by the aid of two glasses. 
In fact, for ail thèse spots, we form, from others, a sort of ap* 
proximate chart of ourselves. But this plate of our visual 
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atlas îs vague, and we scldom hâve recourse to ît. I expéri- 
ence an itching at a point of my back, and I know the spot ; 
but I do not know it, or only know it imperfectly, by the Vis- 
ual représentation ; I do not picture clearly to myself the ver- 
tebra or the rib, the swelHng of the muscle or spinal hollow, 
near which the fceling is ; it is not associated, as in the hand, 
the foot, the arm, or the face, wîth some précise point of an 
outline pîctured by the mental eye. It îs by means of another 
atlas, ifte tactile and muscular atlas^ that I am enabled to situ- 
ate it precîsely. 

In fact I give it a situation by means of the spécial, longer 
or shorter muscular sensation of the hand and arm, which 
move towards ît and reach it, Its position îs denoted by the 
nature and duration of thîs sensation. If at a greater dis- 
tance, a greater movement would be required to reach it, con- 
sequcntly a longer muscular sensation ; if at a less distance, a 
less movement, consequently a shorter muscular sensation • 
îf at the same distance, but in a différent direction, a move- 
ment equal in extent, but différent, consequently a muscular 
sensation of equal duration, but différent, By means of thèse 
repeated and diversified experiments, when a sensation, 
whether of tingling or any other, is aroused in any part of my 
body, evcn in a point with respect to which the visual atlas, 
faîls, ît calls up its inséparable associate, the image of a spé- 
cial muscular sensation, a sensation of a précise duration, 
longer than some other sîmilar one, shorter than some other 
similar one, différent from some other one of equal length. 
By thîs attachment and consolidation, my sensation of ting- 
ling finds itself denoted by a distinctive sign. Thîs sign, hav- 
iîig a certain duration, is a continuous magnitude ; therefore 
il is, like a line, capable of comparison with any other magni- 
tude of the same kind, it differs only from such other magni- 
tude in being more or less, suggests the idea of its double or 
of its fraction, and is capable of measurement ; hère we hâve 
the conditions of a représentative chart. — Thîs is but an in- 
stance of a gênerai opération, which has already been de- 
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scribed. We localize our sensations as we do objects, by the 
associated image of certain muscular sensations of greater of 
less length. The sensation, by means of the associated im- 
age, is arrested in an order, and, so to speak, in a rank ; there 
it is sîtuated, that îs to say denoted by a précise quantîty, 
less than this, greater than that, by a muscular réminiscence 
vvhich intercalâtes it between two séries of muscular scnsa- 
tions, one of longer sensations, the other of shorter ones. — If 
we add the réminiscence of the tactile sensations experienced 
upon contact with the point which the exploring organ has 
just touched, the associated image becomes précise while com- 
pleting itself ; we situate our sensation, not only at a partîcu- 
lar distance from some other, but at such a rib, at such a hol- 
low of the arm, at such a joint of the finger. — Such is the 
tactile and muscular atlas, the first of ail ; the instinctive and 
unregulatcd movements of the new-born child, its feelings 
about, the incessant expérience it acquires of its touch and 
muscles, commence at once to construct this atlas ; the visual 
atlas is derived from it, and is not formed till afterwards. 

Thus the localizing judgfment consists in the adjunction to 
the sensation of certain images, sometimes visual, sometimes 
tactile and muscular. This coupling may be innate; the 
chicken will pick up food immediately it comes out of the 
shell ; the new-born foal springs on his legs almost immedi- 
ately and goestosuck its dam. Butin manit isacquired, and 
the internai mechanism, which in other animais is fabricated 
at the moment of birth, is in his case fabrica^ed gradually. 
At ail events, it is for the most part a work of expérience. 
'* There is ground," says Weber,* " for admitting that primi^ 
ti vely, by pure sensation, we know nothing of the place in which 
the nerves which communîcate the sensation to us are disturb- 
ed. Primitively, ail sensations are simple states of excitation 
perceptible to consciousness ; thèse may differ in quality and 
degrec, but do notdirectly furnish to consciousness any notion 
of olace. They only furnish this indirectly, by exciting the 

♦ Article "Tastsinn," ibid. 4S6. 
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activity of our mind, through the means of whîch we repre- 
sent our sensations as comprised in a whole, and possessed of 
mutual relations." There is then an ulterior and superadded 
process, the adjunction of a séries of muscular images, whose 
duration measures the distance, the adjunction of a group of 
tactile and muscular images which dénote the consistence, 
shape, and magnitude of the organ to which the sensation îs 
referred, the adjunction of a group of visual images which de- 
note this organ from the other organs and other objects de- 
noted in the same manner. Ail this is the work of expérience, 
and expérience, pushed further, is capable of associating with 
the sensation représentations of greater exactness. An anat« 
omist who bends his hand imagines the contraction of each 
of the muscles which concur in effecting it, the longer and 
shorter palmar muscles, the anterior cubital, and the rest. If 
he is pricked, he pictures to himself the form, color, and dis- 
tribution of the little whitish flabby threads termed nerves, 
which the puncture has touched. He represents his sensation 
of contraction as being situated in the nerves of the contrac- 
ted muscles, and his sensation of pain as being situated in 
the punctured extremity of the little whitish threads. This 
association, less fixed than ours, is identical with ours, and is 
like a second stage of less solidity based on a first indestruct- 
ible stage. But they are both of them added constructions, 
and dîd not exist on the primitive soil. 

V. If we now compare the two atlases, we shall find them 
very différent. That the first, the tactile and muscular atlas, 
is effective for the purpose of localizing our sensations in 
some particular part of our bodies is explainable without 
difïîculty ; for we hâve seen that we conceive extent, dis- 
tance, and position by a séries of muscular sensations inter- 
posed between a point and another point — between a sen- 
sation and a sensation. I hâve many times experienced a 
feeling of touch in my neck or cheek ; I hâve detcrmined 
its position by the séries of muscular sensations which my 
hand must go through to reach it, and hâve characterized its 
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seat by the group of tactile sensations of my hand afforded 
by my neck, when ît îs pressed, felt, and traversed. A stable 
association is thus formed between the sensations, whose 
starting-point is in the nerves of the neck, and this séries 
of muscular images joîned to this group of tactile images. 
Consequently, whenever a similar sensation is produced, I 
shall imagine its position and seat. — This is not the case 
with the Visual atlas, and we must examine how it is that 
sensations of the eye, which, taken alone, seem fit only to 
instruct us as to colors, are capable of further instructing 
us, as to distance, extension and position. This arises 
from their being themselves transformed, and turned into 
équivalents of tactile and muscular sensations, by the asso- 
ciation they hâve acquired with tactile and muscular sen- 
sations. Prîmitively, and in itself, the retina, when im- 
pressed, arouses sensations only of light, of obscurity, of 
successive and sîmultaneous colors. It is by an ulterior 
process — the adjunction of auxiliary images — that this pure 
Visual sensation receives an apparent situation, and that we 
see objects at a certain distance, in a particular direction, 
with particular form and dimensions. 

The accounts of persons born blind, who hâve been 
restored to sight by opérations, is décisive as to this. From 
the moment they recover their sight, they expérience the 
same visual sensations as we do. But their eyes hâve not 
been educated like ours ; consequently, what is then want- 
ing to their eyes is what ours hâve acquired ; the missing 
parts of their perception afford a measure of the additions 
which hâve gone to complète our perception. — Still, for the 
purpose of explaining the différent results of expérience, ît 
is necessary first to détermine whether the éducation of 
their eyes has been absolutely nothing or only amounting 
to nothing.* In most cases, the crystalline lens, though 



* See the cases recorded by Cheselden, ** Philosophical Transactions" for th« 
year 1728. — Ware, ib. 1801. — Home ib. 1807. — Wardrop, ib. 1826. 
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opaque, stîll permîtted the passage of a small portion of 
light ; Cheseldcn's patient could distinguish three colors, 
black, white, and scarlct ; VVare's patient could distinguish 
strongly-marked colors when held close to his eye. Con- 
sequently, some of them had learned to direct their looks 
towaids an object, and could judge to a certain extent of 
distance by the colors growing feebler. This explains 
how, in certain cases, the patient was able immediately 
after the opération to take hold of the surgeon's hand and 
to say, by sight only, whether it was brought nearer to or 
carried further from him. But this is unusual, and when 
the patient has not learned to interpret the meaning of the 
color growing feebler, he has no idea of the position of 
visible objects. Usually, at the moment he first sees 
clearly, he imagines " that ail the objects he secs touch his 
eyes, just as the objects he feels touch his skin."f So said 
the patients of Cheselden and Home; they situated their 
new sensation in acordance with their accustomed sen- 
sations of touch, and applied their former expérience to 
the new instance.:}: Besides this, Home*s patient had 
always done so ; before the opération, when he looked at 
the sun through his opaque crystalline lenses, he said it 
appeared to touch his eye. The opération pcrformed, the 
same localizing judgmcnt remained ; when asked, soon aftcr, 
what he had seen, he said : " Your head, which seemed to 
touch my eye," but he could not tell its shape. It was not 
till three months afterwards, and a month after the lowering 

f In a case reported by Mr. Nunnely, " the young patient said that the objects 
touched his eyes, and walked about cautiously, keeping his hands raised before 
his eyes, to prevent thèse objects from touching and hurting them." — ^J. S. Mill, 
" Exam. etc." Third édition, p. 285, 

X Before the opération the blind person has opened and shut his eyelids, and 
has certainly known their situation as that of other parts of his body. Usually, 
when the opération is performed, the light is too keen for his eyes and compels 
him to close them, and to contract the pupil. — Hère are two muscular sensations 
whose situation he knows, and which no doubt contribute to make him situate hir 
new Visual sensation against his eyebalL 
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of the second cataract, that objects dîd not seem as before to 
touch his eyes, but appeared to be at a short distance from 
him. Not one of the blînd persons so operated on was able 
at first to interpret his new sensations, to décide on the situ- 
ation, form, and magnitude of objects, or to recognize them. 
It WMS requîsite for the touch, slowly and gradually, to in- 
struct the eye. Home's second patient was asked, ten min- 
utes after the opération, the shape of a round pièce of card, 
and said, " Let me touch it, and I will tell you.** He was not 
allowed to do so, and, after thinking for some time, said it 
was round. But a moment aftcrwards, he said the same 
thing of a little square pièce of card, and again of a trîangu- 
lar pièce. The cxperiment was repeated some hours aftcr- 
wards. At first the boy called the différent cards round ; but 
upon being shown a square, and asked if he could find any 
corners to it, he was very desîrous of touching ît. This be- 
ing rcfused, he examined it for some time, and said at last 
that he had found a corner, and then readily counted the four 
corners of the square, Thus commenced the first éducation 
of the eye. Ail the patients rescmbled Cheselden's, who 
** knew not the shape of anything, nor any one thing from an- 
other, however différent in shape, or magnitude ; but upon 
being told what things were, whose form he before knew from 
fecling, he would carefully observe, that he might know them 
again ; but having too many objects to learn at once, he for- 
got many of them ; and (as he said) at first he learned to know, 

and again forgot a thousand things in a day Having 

oftcn forgot which was the cat, and which the dog, he was 
ashamed to ask; but catching the cat (which he knew by 
fecling), he was observed to look at her steadfastly, and then 
sctting her down, said, * So, puss ! I shall know you another 
time.* ** Later on, when he had learned to know his parents 
by sight, ** being shown his father's picture in a locket at his 
mother's watch, and told what it was, he acknowledged a 
likeness, but was vastly surprîsed ; asking how ît could be that 

a large face could be expressed in so little room, saying, * It 

6 
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should hâve seemed as impossible to him, as to put a bushel 
of anything into a pint.' " * 

They require time to reconcîle the diflrerei>t visual sensa- 
tions which the same objcct présents according to its dînèrent 
distances, and to reconciie ail thèse with the muscular and 
tactile sensations with which the object has already furnishcd 
them. The most instructive case in this respect is that of 
the lady operated on by Wardrop. — Hcr blindness was more 
complète than that of the others ; for not only was she born 
with cataracts in each eye, but, when six months old, an un- 
skilful surgeon had destroyed the right eye and closed up the 
pupil of the left. She could not recognize any color, she was 
able mcrely to distinguish a very light from a very dark room, 
but without having the power to perceive even the situation 
of the window, through which the light entered ; though in 
sunshine or in bright moonlight she knew the direction from 
whence the light emanated. When placed under Wardrop's 
care she had reached her forty-sixth year. He opencd the 



* " Caspar Hauser, in a dctailed account of his own expérience in ihis respect 
States, that upon his first libération from confinement, whencver hc lookcd through 
the window upon extcrnal ohjecis, such as the street, garden, etc., it appearcd to 
him as if there were a shutter qtiite close to his eye, and covered with confuscd 
colors of ail kinds, in which he could recognize or distinguish nothing singly. 
lie says farther, that he did not convince himsclf till after some time during his 
walks out of doors, that what had at first appeared to him as a shutter of varions 
colors, as well as many other objects, were in reality very différent things ; and 
that at length the shutter disappeared, and he saw and recognized ail things in 
their just proportions." — Franz, " On the eye," p. 34-6. Dr. Franz adds : — Since 
ideas are gained by refleclion upon sensation, it is further necessary in ail cases in 
order that an accurate idea of objects may be formed from the sensé of sight, ihal 
the powers of the mind should be unimpaired and undisturbed in their exercise. 
A proof of this is afforded in the instance related by Haslam (* Observations on 
Madness and Melancholy,' — Second édition, p. 192), of a boy who had no dcfect 
of sight, but was weak in understanding, and who in his seventh year was unable 
to estimate the distance of objects, espccially as to height ; he would extend his 
hand frequently to a nail on the ceiling, or towards the moon, to catch it. It is, 
therefore, the judgment which corrects and makes clear this idea, or perception of 
visible objects." 
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iris, she was able to see, and "returned home in a cairiage, 
wîth her eye covered only with a loose pièce of silk. Tlie 
first thing she noticed was a hackney-coachpassing, when she 
exclaimed, * What is that large thing that has passed by us? ' 
In the course of the evening, she requested her brother to 
show her his watch .... and Iboked at it for a considérable 
time, holding it close to her cye. She was asked what she 
saw ; and she said there was a dark and a bright side." In 
fact, thèse two sensations of brightncss and darkness alone 
corresponded to her former sensations, since till thcn she 
had never been able to do more than distinguish light and 
darkness. — She was seen hourly to observe first one point, 
then another, then again others in the numbers of sensations 
of color which besieged her. But she was bewildered by 
them ; " I feel stupid/* she said. She voluntarily remained 
silent, not being able to make out the chaos of impressions 
which were as yet destitute of meaning to her inexperienced 
cyé. — A fortnight later, she still said, " I see a great deal if I 
could only tell what I do see ; but surely I am very stupid ** 
Nevertheless, she Icarned by degrees the names of colors, and 
was soon able to distinguish them ; but as to the perception 
of figures, that is to say for the transcription into the new 
Visual atlas of the old tactile and muscular atlas, the appren- 
ticeship was very long. — On the seventh day she was exam- 
ining the teacups and saucers, and was asked, " What are they 
like ?" "I don*t know," she replied ; " they look very queer 
to me, but I can tell what they are in a minute when I touch 
them.*' — "She distinguished an orange on the chimney-piecc 
but could form no notion of what it was till she touched it." 
On the eighteenth day the experiment was made " of gîving 
her a silver pencil-case and a large key to examine with her 
hands ; she discriminated and knew each distinctly ; but 
when they were placed on the table side by side, though she 
distinguished each with her eye, yet she could not tell which 
was the pencil-case, and which the key." On the twcnty-fifth 
day, being in a carriage in the Régent *s Park, she inquired 
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contînually as to the meanings of her visual sensations, such 
as — " * What is that ? * * It is a soldier/ she was answered. 
• Who is that, that has passed us just now ? ' It was a person 
on horseback. * But what is that on the pavement, red ? ' It 
was some ladies who wore red shawls." — It was constantly 
nccessary to translate for her into the language of touch, 
which she understood, the unknown language of the eye. — 
As, before the opération, she knew from what direction the 
light proceeded, she was probably already capable of approx- 
imately directing her head and eyes to the side at which the 
illuminatcd objects appeared ; but even this art was entircly 
rudimcntary. On the eighteenth day, " she seemed to hâve 
the greatcst difficulty in finding out the distance of any ob- 
jcct ; for when an object was held close to her eye, she would 
search for it by stretching her hand far beyond its position, 
while, on other occasions, she groped close to her own face 
fora thing far removed from her . . . ." — When at the end 
of six weeks she lefk London, she had acquired a pretty ac- 
curate knowledge of colors and their différent shadcs and 
names, and also of many objects, but " had not yet acquired 
anything like an accurate knowledge of distance or of forms, 
and up to this period she continued to be very much confused 
with evcry object at which she looked. Neither was she able, 
without considérable difficulty and numerous fruitless trials, 
to direct her eye to an object ; so that when she attempted 
to look at anything, she turned her head in various directions, 
until her eye caught the object of which it was in search." 
In fact the least movement of the head changes ail our visual 
sensations for other ones; a précise movement is required, 
neither too great, nor too small ; to attaîn a preconceivcd 
visual sensation, we must direct our glance correctly. Just 
as an infant does not distinguish or retain, till after mapy 
trials, the précise nature and exact amount of the effort re- 
quired to throw a stone ten paces and not nine or eleven ; so 
was this lady unable to distinguish and fix in her memory, 
until after many incessantly corrected attempts, the particula/ 
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nature, tkc degree of întensity, and the précise duratîon .of 
ihj muscular Svnsation which lier ncck must expérience in 
ordjr for the inclination to right or left; the raising or lower- 
ing of her head, and so of her eye, to be three degrees and 
not two, four, or five. 

AU thèse particulars resuit in one conclusion — our pure 
Visual sensations are nothing more than signs. — Expérience 
alone acquaints us with their meanings ; in other words, ex- 
périence alone associâtes with each of them the image of the 
tactile and muscular sensation corresponding to it. — At the 
présent day, the analysis of physîologists and physicists has 
noted, by a multitude of proofs and counter-proofs, the vari- 
ous stages of this association.* The sensations which the rc- 
tina procures us are those of différent colors, and of différent 
degrees of light and shade; and further, as it is a sheafof dis- 
tinct nervous fibres, each of its fibres, in accordance with the 
gênerai law of the nervous System, excites, when impressed, 
a distinct sensation. In thèse three respects, and in thèse 
three respects alone, can we distinguish a pure visual sensa- 
tion from others similar in kind, and this is the first layer on 
which will be established later on the whole fabric of our vis- 
ual perceptions. — In this state, which is that of the person 
born blind immediately after the opération, the eye has the 
sensation only of variously colored patches more or less clear 
or obscure; and, in a whole patch, it can observe some dis- 
tinct portion, but simply, as a partial patch.f Wardrop's pa- 

♦ Hclniholt/. " Phvsiolocische Optik," 707. 
f With respect to this, it is curions to observe vcry young children. I hâve 
latelybeen ablc to apply and verify the theory in the case of a little girl whom I 
saw every day from her birth. It is certain to my mind that, during tne first two 
months, the surrounding world was composcd for her of sounds and patches of 
color, which she did not know how to situate. At two months and a half, she evi- 
dently recognized the direction of certain sounds ; for instance, hearing her grand- 
roother's voice, she tumed her head towards her. At three months she knew, in 
some cases, how to direct her looks by tuming her head and eyes towards the ob- 
ject she wished to see, and among others, to my face. But she could not do this 
with every object. — Plainly, what she first distinguished, noted in hermemory, and 
recognized, were sounds and faces. In lact, among the hundreds of rounds and 
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tient, lookîng at a watch, on the evenîngof the opération, ob- 
scrved the figure 12, the figure 6, and the hands, but simply 
as patches upon a patch, without knowing what they were. 
So again, on the third day, looking at her brother's face, she 
distinguished in this round flesh-colored patch, a spécial patch 
produccd by the prominence of the nose, and guessed, in fact, 
that it was the nose. — Painters in color are well aware of this 
State; they revert to it; theîr art consists in seeing their 
model as a patch^ the only élément of which is the more or 
less diversified, deadened, vivid, and mingled color. At this 
stage, there is no idea of the distance or position of objects, 
except that an induction derived from touch places them in 
contact with the eye. No doubt, at this stage, an objcct may 
be recognîzcd by the color, vividness, and characters of its 
patch, as Wardrop's patient was able to distinguish the grass 
from the water, but nothing is known as to its situation. The 
second layer of the édifice is not constructed ; it is now ncc- 
essary to add, little by little, to pure retinal sensations, auxil- 
iary and additional ones. 

The sensations so added are those of the muscles of the 
eye ; for the form and position of the eye are susceptible of 
changes, and thèse changes are the effect of its muscular ap- 
pendages. — In the first place, we adjust the eye to the dis- 
tance of the object, by disposing it in such a way that the lu- 
minous image falls precisely on the retina, and not before or 
behind it ; otherwise, the vision is not distinct ; to effect this, 
we alter the curvature of the crystalline lens, probably by con- 
tracting the ciliary muscle, and the muscular fibres of the iris. 
— Bcsides this, whcn we look at an object with both eyes, our 
two eyes converge more or less, according as the object is at a 



colorcd forms which impressed her sensés were the tones of five or six voices, and 
Ihc colored forms of five or six faces, and thèse, beingthe most frequently repeated, 
intruded, by their firequency and identity, on the rcst. — At aboul three monlhsold, 
she commenced to feel about with her hands, to move her arms to reach objects, 
consequently, to associate with the colored patches tactile and muscular impre»^ 
siens of distance and form. 
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greater or Icss distance. Now thîs greater or less convergence 
îs produced by the greater or less contraction of the muscles 
which move the eyc. Consequently, according to the greater 
or less distance of the object, we hâve a particular muscular 
sensation of the eye. — On the other hand, according as the ol> 
ject is in one or the other direction, with référence to ouf 
eye, one or other of the muscles which move the eye is more 
or less contracted, in order to turn it upwards or downwards, 
to the right or left ; in such a way that when the distance re- 
mains the same, a distinct muscular sensation corresponds to 
every change of directicn.-r-We learn to observe and engrave 
on our memory thèse innumerable distinct muscular sensa- 
tions of our eyes. At the same time, and by meansof touch, 
we associate some one of them with a certain movement of 
our hand, another with the semi-extension of our forcarm, 
others with two, three, six, ten, twenty strides of our legs. 
Henceforward, when a pure visual sensation follows some par- 
ticular voluntary muscular sensation of the eye, this compound 
calls up the idea of some particular movement of the hand, 
the forearm, or the arm, of some particular number of steps, în 
short, of some portion of the tactile and muscular atlas which 
the expérience of our limbs has constructed within us, and 
by which the person born blind estimâtes distance and déter- 
mines positions. — At the end of three weeks, the lady opera- 
ted on by Wardrop was able to recognize a grass-plot by the 
large and beautiful green patch it formed in her field of vis- 
ion. But she had not yet distinguished and observed what 
muscular sensation of her eye had resulted in the apparition 
of this green patch, and above ail, had not ascertained, from 
the nature of the muscular sensation, the number and direc- 
tion of the steps which would be required to lead her up to 
the grass-plot ; so that, though she saw it, she did not know 
where it was, and perhaps extended her foot to find out wheth- 
er it was not close to her. — ^To us who hâve noted the various 
muscular sensations of our eyes, and hâve associated them to 
the recollection of the movements of our limbs " the feeling 
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that we havc when the eycs are parallcl and vîsîon distinct, îs 
associât ed with a great and prolonged effort of walking, in 

other words, witli a long distance The change 

from an inclination of the eyes of 30® to an inclination of 10^ 
is associatcd with a given sweep of the arm, carrying the hand 
forvvard over eight inches and a half."* In this way, muscu- 
lar sensations of the eye become in our cases signs, each of 
which has power, when produced, to call up with it the image 
of some particular muscular movement of the limbs, in other 
words, the précise idea of a certain distance measured in a 
certain direction. 

To thèse auxiliarîes add the rest — I mean the muscular 
sensations of the ncck and body in tuming, bendîng, and draw- 
îng back, so as to enable the retina to receîve a distinct lumi- 
nous image ; thèse are so many complementary signs which, 
in connection with the first, effect the détermination of the 
direction of the object by the association they hâve contracted 
with the image of some spécial movement of the limbs carried 
eut in some particular direction. — The reader now sees how 
the eye îs capable of perceiving the figure of a body. The 
visible figure of a body is nothîng more than a double séries 
of optical sensations, a rctinal séries and a muscular séries, 
both of which are parallei and contînuous, and are experi- 
enced whenever the eye follows the outline and runs over 
the illuminated surface of a body. Expérience associâtes to 
this double séries of sensations a séries of images, that 
îs to say, images of the tactile and muscular sensations 
which the hand would expérience in following the outline, 
and feeling the surface of the bodies. — Other expériences 
tcach us that, according to the distance, this double opti- 
cal séries undergoes regular altération, without the other sé- 
ries being altcred ; and we express this by saying that the 
same tangible object passes regularly, according to distance, 
through an infinité séries of visible appearances ; and it fol- 



^ Bain, '* Sensés and Intellect,*' 2nd édition, 374. 
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lows from thîs, that when we see ît at a partîcular distance, 
tlie row of its other visible appearances is ready to revive in 
us, and to take up a position in tlie mental background. — I 
leave further explanation to treatises on optics and physiolo- 
gy,* in whicli will be found thc enumeration and explanation 
of ail optical judginents and crrors. They are the subject- 
niatter of a whole science, but are ail rediiccd to one princi- 
ple. " By expérience," says Helinholtz,t " we can evidently 
Icam what other sensations of the sight or other sensés, an 
objectwe see will excite in us, if we advanceoureyes or body, 
îf we look at the object from différent directions, if we fcel it, 
etc. The concept of ail thèse possible sensations combîned 
in a whole îs our représentation of the body ; and, when it is 
sustained by our actual sensations, it is what we term tlieper^ 

ception of the body It includes ail the distinct possible 

groups of sensations which the body when looked at, touched, 
experimented on in various ways, can excite in us ; thèse arc 
îts real effective contents ; it has no others, and thèse con- 
tents may undoubtedly be acquired by expérience. Thc only 
physical activity required for this pui*pose is the constant 
and reviving association of the two représentations, which were 
already connectcd together, an association which becomes 
the more solid and more constrained in proportion to thc 
number of times the two représentations hâve reappeared 
together.** 

From this, we understand in what our visual atlas consists. 
— There is a square mahogany table three paces from me, to 
the right. I turn my eyes, and hâve, through the retina, a 
sensation of a certain somewhat glistening brown patch ; and 
I hâve at the same time, by means of the accommodation of 
the crystalline lens and the contraction of the muscles which 
move the eye, a certain muscular sensation which, by an ac- 
quired correspondence, calls up in me the image of three 



• See the admirablr work of IlclmholU ; above ail thc third part, " Die Lehif 
von den Gesichis-Wahmchmungen." t I^»^-» P- 79^. 
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paces, taken to the right. — My eyes follow the outline of the 
table, in other words, my retina expériences in succession a 
continuous séries of impressions in proportion as the lumin- 
ous rays starting from the sides of the table successivcly im- 
pinge on its yellow centre ; now, in the meantime, the accom- 
modation and contraction of the muscles of the eye give me 
a parallel and continuous séries of muscular sensations, which, 
by an acquired correspondence, call up in me the images of 
the tactile and muscular sensations which my hand would 
expérience in passing over its side from corner to corner. — 
Lct us remark the character of thèse re-excited images. If 
my glance has been a rapid one, they are not express ; they 
remain in the nascent state ; I am compelled to prolong my 
glance to call them up precisely and completely, to imagine 
the muscular sensations of my three steps, the muscular and 
tactile sensations of my hand, passed along the cdge of the 
table. J only get at this by dwelling on it, by silently in- 
quiring of myself wluxi it is I nuan by this distance and this 
form. Even when dwelling on it, I commence by imagining 
the first step I should take, the sensation which my hand 
would rcceiv.e from the first corner ; thèse two images serve 
as type for the rest. In fact, my opération is the same as 
when in a written sentence I read the word tree ; if I read it 
rapidly, I simply understand it; it does not call up express 
images in my mind ; it is necessary to wcigh it, to reflect, in 
order to cause the image of a beech, an apple, or other tree 
to appear ; even then, it will be vague and mutilated ; at the 
most, I shall get a view of some linéaments of a colored form, 
the obliterated sketch of a green dôme or pyramid ; it will 
only be by dwelling strongly on ît for some time that I shall 
cause images of trees to spring up sufifîciently clear and 
numerous to be équivalent to the generic word which sums 
up and dénotes them ail. — Thus our optical sensations are, 
like our words, signs. Every retinal and muscular sensation 
has, like every word, its group of associated images ; it rep. 
resents this group ; it replaces and dénotes it ; in other 
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words, ît îs alvvays associated wîth ît, and never otherwise 
associated, so that in use and practice it is équivalent to ît 
In fact, wheii the sensation arises, the group îs at hand, ready 
to revive. Give it a lîttle tiine, and it will partially revive. 
Give it enough time, and it will wholly revive. It forms part 
of the train of the sensation ; but, as the opérations are rapid, 
it most usually remains in the background ; the sensation 
alone occupies the stage. As the sensation îs there for an 
instant only, and the train requîres time to pass in proces- 
sion, the train remains behind the scènes. — We know some* 
thing of thîs world behind the scènes.* The reader had a 
view of it when we pointed out the silent persîstence of 
images, their latent existence, their rudimentary state, the 
oblitération they undergo, and the life they préserve, often 
for whole years, until the indistinct vibration, which was per- 
petuated in some only of the cells of the hémisphères, 
receives from some unforeseen circumstance a universal as- 
cendancy, and becomes suddenly propagated through the 
majority of the chords of the cérébral instrument. 

The better to comprehend their oblitération and the part 
they still play, though in this latent state, let us consider 
greater distances, and generally, the process by which d istances 
are estimated. — In a geographîcal map we look at the myria« 
mètre traced at the foot, and applying compassés to this 
myriametre, we pass about the map, measuring in thîs mari- 
ner if Paris îs farther from Bourges than from Tours or Dun- 
kirk. — ^At the outset of the opération we estimated the 
myriametre in muscular sensations, and found it équivalent 
to some walk we hâve been accustomed to take, to 12,000 
paces, to two hours* walking. But, soon after, we forgot the 
muscular signification we attached to thîs expansion of the 
compassés ; we left it behind us, in reserve ; ail we kcpt in 
mind was degree of expansion and its multiples ; we di- 
rectly compared a séries of expansions to a séries of expan- 



* Sec part i. book iv. chap i. pp. 190-92 
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sions, a séries of greater ones to a séries of less. We follow 
the same proccss in ail our estimations of quantities, and the 
spontaneous opérations of our eye do but précède the arlifi- 
cial opérations of our instruments. — In the first stages cf our 
observation, as at the limit of our science, we prove a constant 
relation between two quantities, just now between our more 
or less numerous steps and the greater or less expansions of 
the compassés, at présent between the more or less long and 
repeated muscular sensations of our limbs, and the muscular 
sensations which we receive from the greater or less conver- 
gence of our eyes, the greater or less flattening of the crystal- 
line lens, the greater or less contraction of some one of the 
muscles which move the eyes, the greater or less movement 
of our body and head in some particular direction. The sec- 
ond quantity increases or decreases with the first, according 
to a fixed law. — This being settled, we take a standard of the 
second, just now a certain expansion of the compassés, for in- 
stance the expansion which measures the myriametre, now a 
certain muscular sensation of our optical apparatus, for in- 
stance, the muscular sensation which the eye must expérience 
în order to hâve the retinal sensation of an object situated at 
thirty centimètres distance. At this moment, too, the stand- 
ard and its signification, that îs to say the expansion of the 
compassés and the recollection of our walk, that is to say 
again, the muscular sensation of the eye and the image of the 
muscular sensation of the arm carried thirty centimètres for- 
ward, are together in our mind. But a moment afterwards 
the standard alone remains ; the image or the recollection to 
which it is équivalent becomes thin, and fades away ; we sini- 
ply observe that a certain expansion is greater than another, 
that a certain muscular sensation of the eye is stronger and 
more prolonged than another; we no longer perceive the sig- 
nified quantities but only the significant ones. — This is enough ; 
for, by means of the indicated association, the signified quan- 
tities remain within call, and their proximity is as good as 
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theîr présence. At any moment we can recall them, can ob- 
serve that a certain expansion of the compassés, that is to 
say one of three timcs the extent of the first, would rcquire 
of us three timas as many steps, or six hours' walkîng, that a 
smaller muscular sensation of the eye would require a double 
extension of our arm. — We know how a map serves us on a 
walking tour ; by applying to it compassés we foresee the 
length of our walks, and the amount of muscular effort we 
shall be compelled to expend. Our visual atlas is of the same 
use ; by translating certain of îts indications înto the corre- 
sponding indications of the tactile and muscular atlas, we 
foresee the distance, the magnitude and duration of the mus- 
cular effort by which our limbs will rcach some particular ob- 
ject. 

VI. We see now how ît is that a visual sensation, so short 
as to appear instantaneous, can g^ve us the idea of very di- 
versified and very great extension. Thîs arises from its being 
équivalent to the very diversified and very long tactile and 
muscular sensations by which we should perceive this exten- 
sion. It .sums them up, and so becomes their substitute, and 
signifies them while replacing them. 

But, even were we incapable of havîng thîs sensation, we 
should still contrîve to represent to ourselves in combination, 
and as simultaneous, a great number of the parts of space. — I 
hâve questioned many blind persons as to this,* their answer 
is unanimous, whoUy précise and decided. No doubt the 
perception of a new object requires more tîme in their cases 
than in ours, since they are compelled to explore ît in détail 
by touch. But, havîng done so, they thînk of the object, 
whatever ît be, a sphère, a cîrcle, or even a considérable spacc, 
for instance, a street, ail atonce, and represent ît to themselves 
in mass. " Ail there îs wanting to us," they say, " is what 
you call the idea of color; the object is to us just what an un- 



* At the Institut des Jeunes-Aveugles at Paris, thanks to the kindnesj of th« 
Frofeâsors and Director of the es^ililishmcnt. 
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shaded drawîng or photograph îs to you, speakîng more pre- 
cisely, a combination of Unes. We conceive a whole group of 
diverging or intercrossîng lines simultaneousiy, and that is to 
us figure." Above ail, they expressly deny that in order to 
imagine a line or a surface, they require to represent to them- 
selves the successive sensations of their hand passed in some 
particular direction. " That would be too long, and we hâve 
no need whatever to think of our hand : it is but an instru- 
ment of perception of which, after perception, we cease to 
think." 

In fact, if, at the origin of the îdea of distance, we find a 
longer or shorter séries of muscular sensations of the arm or leg, 
it is ai the origin only. Itmatters little whether thèse sensa- 
tions appertaîn to one limb or the other, whether they are 
muscular or not ; this is but a détail and an accessory ; it is 
obliterated, we cease to attend to it. We leave aside, as the 
blind say, ail the circumstances and intrinsic qualities of our 
sensations ; we préserve only the essential part, and the essen- 
tial part hère, is that they form a séries interposed between 
the two points whose distance we are estimating. Taken 
thus abstractedly, thèse sensations become, as it were, uncol- 
pred and ncutral ; they are any sensations whatever ; we con- 
sider them not as to their quality but as to their quantity ; what 
^e observe in them is the greater or less duration of their séries : 
pothing more. Henceforward, we are able to imagine them 
vvith great promptitude, and to compare séries to séries. Such 
{s the process employed by a person born blind ; he may, like 
3iaundersQr>, become a geometrician, may conceive longer or 
shorter séries, diverging according to such and such an angle ; 
thèse are lines, and, by a combination of such lines, he con- 
ceives geometrical bodies. For our own parts, we avail our- 
selves of this process when we define lines by the motion of 
a point, the surface by the motion of a line, the solid by the 
motion of a surface, and when we estimate a line, a surface, 
or a solid by the greater or less prolongation of the muscular 
opération, which engenders its perception. Now we can im- 
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agine thèse movements with extrême rapîdity ; we may, then, 
thus, by thèse means alone conceive many lines, therefore a 
surface, and even an entire solid, almost in an instant. 

But, fortunately, we hâve a second aid, the visual atlas, 
which is added în our cases to the tactile and muscular atlaij. 
Thanks to it, we hâve at our disposai new séries which may 
be compared together, and whose éléments succeed in us with 
prodigious velocity. Thèse are the little muscular sensations 
of the eye, which are extremely short, and able, therefore, 
to dénote, în an imperceptible portion Df time, very great 
distances, and positions as numerous as varions. They take 
the place of the muscular and tactile images corresponding to 
them, and, as they pass in a moment, it seems as if the much 
longer séries of tactile and muscular sensations hasalso taken 
effect in a moment. Their muscular and tactile signification 
springs up with them, and we imagine that we perceive at once 
a number of distant and co-existing points. — The reader has 
already met with many opérations of this kind ; it îs what 
happens with ail abbreviatory substitutes. The muscular 
sensations of the eye serve us în sight as words do in abstract 
reasoning.* When I contemplate the différent views of an 
extensive landscape, thèse sensations alone are în my mind, 
just as, when I read a chapter on political economy or moral 
philosophy, there are words alone în my mînd, and yet, în the 
first case, I believe that I dîrectly perceive magnitudes and 
distances, as, în the second case, I believe that I dîrectly per- 
ceive pure qualitîes and gênerai relations. — To employ the 
expressions of Mr. Herbert Spencer, thôse little sîmultaneous 
or nearly sîmultaneous muscular sensations are to us " symbols 
of other tactile and muscular sensations, which were slowly 
successive. This symbolic relation, being far briefer, is habit- 
ually thought of in place of that it symbolizes : and by the 
continued use of such symbols and the union of them with 
more complex ones, are generated our ideas of visible exten 

• Sec part i. book i. chap. ii. 
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sion — ideas which, like those of the algebraist working outan 
équation are whoUy unlike the ideas symbolized : and which 
yet, like his, occupy the mind to the entire exclusion of the 
ideas symbolized."* — Hence it follows that, in our présent 
State, during the working of the optical substitutes, the image 
of the long muscular and tactile sensations they replace must 
be absent. Conscquently, we do not now find it within us, 
even if we look for it ; our perception of visible extension wiil 
no longer comprise any of the muscular and tactile sensations 
of the limbs and hand. Such is, in fact, the conception we 
now hâve of visible extension; inthisstate, we no longer find 
any thingin it to recall itsorigin. In truth, what is now with- 
in us is not the image of the original successive sensations of 
the hand and limbs, but their optical sign. The visual atlas, 
constructed by means of the muscular and tactile atlas, is 
wholly différent from it ; it is not a copy, but a reproduction on 
another scale, with other notations, far more convenient for 
use, comprising in one chart what is dispersed in the other atlas 
over twenty several maps, and presenting, at one glance, a 
group so vast that, in the other atlas, we should be obliged to 
arrive at it, discursivcly and slowly, over twenty différent Icaves. 
This visual atlas has such great advantages over the other 
that we constantly, and almost exclusively, employ it. — In 
the first place it is, as we hâve seen, extremely abbreviatory 
for ail distances of any magnitude. In an instant, by a sim- 
ple diminution of the convergence of the eyes, we pronounce 
that one object is twenty paces further from us than another. 
In an instant, by a simple continuous movement of the eye, 
we pronounce that a partîcular surface is square or triangular. 
This frees us from the necessity of imagining in détail the 
long muscular sensation of twenty steps, the long tactile mus- 
cular sensation of the hand passed over the whole outline of 
the surface. — ^Thanks to this rapidity of optical opérations, we 
can seize in a verj'^ short time, and by a perception which ap. 



Principlesof Psycholoi^-," first cdiiion, p. 224. 



Chap. IL] THE EDUCATION OF TlIE SENSES. gl 

pcars instantaneous, a whole entire object, a chair, a table, a 
person, and more, if the object be distant, a whole meadow, 
a group of trees, a building, the façade of a street. — ^You are 
placed at a window, you open your eyes, and at once, by 
means of a very small movcment of the eyes and an imper- 
ceptible movement of the head, the whole landscape appears 
to you, with its différent levels, meadows, woods, sky, clouds, 
with thcir innumerable détails of form, relief, and shade. Your 
eye is at the convergîng point of the luminous rays which 
start from the objects — that îs to say at the angle of the com- 
passés formed by two divergent rays, as they reach the retina. 
Now, a very trifling distance, measured near the angle of the 
compassés, corresponds to an immense, and sometimes enor- 
mous distance measured at their points. This is how we es- 
timate, at a glance, hundreds of mètres, and sometimes of 
leagues ; it seems to us at the time that ail the sensations 
we had during this glance are simultaneous, and in this man- 
ner, ail the extemal objects they reveal to us are perceived, 
so to speak, together ; which renders far easier for us the taslc 
of recalling and comparing them ; in short, of practising on 
them the various ulterior opérations of which we hâve need. 

On the other hand, very small distances and very minute 
objects are also within the province of sight. In this respect 
the skin, compared with the retina, is a coarse instr-ument» 
even at the places in which its sensibility is most délicate. — 
At the dorsal vertebrae, at the middle of the arm, of the thigh, 
of the neck, when two adjacent points are touched, we do 
not distinguish them as being two, unless they are from six- 
teen to twenty-four lines apart ; at the palmar surface of the 
last joints of the fingers, it is sufficient for the points to be 
seven-tenths of a line apart ; at the point of the tongue, where 
the power of discrimination is most perfect, a little less than 
half a line îs a sufficient distance.* — On the contrary, accord- 
ing to Weber and Volkmann, on the yellow spot, which is 



*See the complète Table, Mueller, "Physiolog/* (tr. Baly), L 70X. 
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the most sensitîve poînt of the retîna, two brîllîant specks 
may be distînguished when separated only by ar interval of 
from .002 to .001 of a line. — In this way, the retina is a 
thousand or two thousand tîmes as sensitive as the most 
sensitîve organ of touch. — Add to this advantage the indica- 
tions afiforded by color. A level surface for instance, a printed 
or written page, affords one unîform sensation only to couch, 
and the same surface affords to the sight as many distinct 
sensations as there are black letters written or printed on the 
white ground. So the tactile and muscular atlas does not 
comprise images corresponding to very minute objects, to the 
form and proxîmity of two threads in a pièce of fine muslin, 
nor images corresponding to thediversity ofcolored surfaces, 
to the présence, form, and movement of the various objects 
placed beyond the reach of our hand, like the clouds, the 
sky, and the stars ; primitively, at least, thèse images were 
ail absent from the tactile and muscular atlas ; if they hâve 
found an entrance, it has been but subsequently and approx- 
imately, by means of the reciprocal translation which we are 
able to establish between the two atlases. 

We need not be surprised, then, at the enormous part 
played by the visual atlas in ordinary life. For our parts, to 
recoUect, to imagine, to think, is to see intemally ; and tô call 
up the more or less enfeebled and transformed visual image 
of things. So, too, the word image is borrowed from the 
history of vision ; strictly, it only dénotes the cérébral revival of 
the optical sensation ; it is by extension that we hâve applicd 
the same name to the cérébral revival of muscular and tactile 
sensations, of sensations of sound, taste, and smell. — By the 
same encroachment the visual atlas, being infinitely more 
extended and much more readily dealt with than the other, 
becomes our gênerai resort ; ail our sensations are transcribed 
into it, and find a place in it, the muscular and tactile ones 
with the rest. In fact, I hâve internally the visual represen 
tation of my body, andeven ofthe parts, like the back, which 
I hâve not seen ; and when I con tract a muscle, or undergo 
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a contact, I localize the contraction and contact, not only by 
îmagining the longer or shorter sensation, which would con* 
duct my hand as far as the spot of contraction and contact, 
but, further, and above ail, by imagining the visualform and 
color of the part affected. " It is on the right side, at the 
crown of the head, on the knee, befween the bones of the 
left elbow." When we mentally pronounce a judgment like 
this, we mentally seethe colored form of the parts. — This 
extendsso far that, usually, in order to represent to ourselves 
the movement of the arm which would be requîred to meas- 
ure a distance, we make use, not of muscular images, but of 
Visual images, and represent to ourselves, not the prolonged 
contraction of our arm, but the colored form of our arm 
passed through the air from one visible point to another. — 
And so, to estimate the distance of a sound, we represent to 
ourselves by visual images the space which surrounds us, and 
situate the sonorous trembling at a particular height, in a 
particular direction, at a particular point of distance or prox- 
imîty, in the huge field surrounding our body and traversed 
by the glance of the external or the internai eye. 

As to sensations of taste and smell, the two atlases come 
at once into play, in order to situate them ; we hâve the vis- 
ual représentation, as well as the tactile and muscular repré- 
sentation of our nose and mouth. In fact, as to the inside of 
the mouth, ît îs the second représentation which is of most 
service, since the tongue plays the part of the hand ; for in- 
stance, we discern and imagine by tactile and muscular sen- 
sations only the movements which we must make to émit the 
various sounds and articulations of language. Hère, sight 
and visual sensations do not intervene ; it is later on, by the 
aid of physiology, that our eye takes account of the tongue, 
and other appendages which modify the sound proceeding 
from our larynx,* it îs then only that we can visually imagine 



* This accounts for M. Jourdain's astonishment when he leamed that, to say 
U, it was requisite to make a face. 
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thc pronuncîatîon of a guttural or dental. — And so, too, the 
tactile and muscular atlas îs solely, or almost solely, employed 
to note the short movements of the trunk on its base, and 
sometîmcs ail the movements of walking ; for instance, when 
we mount, in the dark, a staircase with which we are not ac- 
quarnted, ail that we inîiagîne is the regular récurrence of the 
same tactile and muscular sensations ; the visual atlas of the 
staircase îs wholly wantîng, and the visual atlas of our legs 
and body is almost absent. — Thèse are remnants or revivais 
of its primitive prédominance ; in such cases, we situate our 
sensations somewhat in the fashion of persons born blind ; but 
hcre we hâve fragments only. 

In fact, not only is the visual atlas almost cntirely substi- 
tuted for its rival, but, further than this, it has hindered its 
rival from acquiring ail the perfection of which ît îs capable. 
Evidently, at présent, as to muscular and tactile sensations, 
we hâve rough discrimination only; we can hardly distin- 
guish theîr shades of différence, for want of being compelled 
to do so. Platner observed that the blind man, whose case 
he described, was far more skîlful than we are in this respect, 
and this îs true of ail blind persons ; with some of them the 
perfection of the sensé of touch surpasses ail imagination. 
" Saunderson, the blind mathematician," says Abercrombie,* 
" could distinguish, by his nand, în a séries of Roman medals, 
the true from the counterfeit." — " Mention is made," says 
Bayle,t " of a blind organist who was very skilful in his pro- 
fession, and who could readily distinguish ail kinds of money 
and colors. He even played at cards, and was very fortunate, 
especially when it was his turn to deal, since he could recog- 
nize by touch the cards he gave each player.:): Aldrovandus 
says that a certain Jean Ganibasîus, of Volterra, an able sculp- 
tor, having lost his sight at the âge of twenty, determined ten 

* "Inquiry/* etc. p. 51. 

t Bayle, citcd by Gamicr, "Traité des Facultés de rame," i. 354. 
X If this be true, it must be owing to the painting on cards having di/Terencet 
of grain and relief corresponding to the différent colors. 
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years after to attempt what he could in the way of hîs pro. 
fession. He felt over very carefully a marble statue of Cosmo 
I., Grand Duke of Tuscany, and modelled from it a plaster 
one, whîch resembled Cosmo so much as to astonish every- 
body. The Grand Duke Ferdinand sent him to Rome, where 
he made a plaster statue resembling perfectly Urban VIII." 
— Joseph Kleinhaus, who dîed at Nauders (Tyrol) on the 
loth July, 1853, had become blind with small-pox at five 
years old. He at first amused himself by carving wood to 
pass the time, then obtained lessons and models from Prugg ; 
at twelve years old he carved a crucifix the size of life, and 
became a pupil of the sculptor Nissl, improved greatly and 
became celebrated. He is computed to hâve carved four hun- 
dred crucifixes, and a bust of the Emperor Francis Joseph.* 
— It is enough to see blind men read with their fingers books 
prînted in relief almost as rapidly as we read books printed in 
black and white, to comprehend ail the power of discrimina- 
tion which our touch might hâve, but has not, acquired.t — 



• Schopenhauer, '* Les quatre racines du principe du raison suffisante/' p. 61. 

t " An analogous fact is observed in the habit acquircd by the deaf and dumb, 
of undcrstanding what is said to them by watching the motion of the lips of the 
speaker." — Abcrcrombie, " Inquiry," etc. 53. 

I can myself mention a young man who became deaf when about four years old, 
find who, having very good eycsîght, saw a conversation at a distance, which vras 
inconvénient enough for persons who were whispering privately in a corner at the 
othcr end of the room. He could thus understand German and Frcnch, by the 
movement of the lips. Only it was necessary that the conversation should not con- 
tain many proper names which he was not acquainted with ; for the visible move- 
ment of the lips showed him the consonants, and not the vowels. 

The hearing and other sensés are capable of acquiring an equal delicacy. — 
" Dr. Rush relates of two blind young men, brothers, of the city of Philadelphia, 
that they kncw when they approached a post in walking across a strect, by a peoi- 
liar Sound which the ground under their feet emitted in the neighborhood of the 
post ; and that they could tell the names of a number of tame pigeons, with which 
they amused themselves in a little garden, by only hearing them fly over their 
heads.** — Abercrombie, ibid. 

When we add to thèse facts the cases of hypersesthesia so common in somnam* 
bulism and hypnotism, we see that it is impossible to put a limit to the innate of 
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ThuSy in our cases, the tactile and muscular atlas has re* 
mained in a rudimentary state. Thîs is why when we at prés- 
ent situate one of our sensations of touch, of sound, of smell, 
of taste, it îs almost always through the visual atlas alone, or 
with its supplementary concurrence ; in other words, the im- 
age of an optical sensation îs now incorporated with sensations 
which do not reach us by the eyes, and it is this agglutination 
which situâtes them in the places in which they appear to us. 
VIL Hcre, then, are ail our sensations situated, that is to 
bdy provided with an apparent position and seat, ail, primi- 
tively, by the adjunction of a séries of muscular images, de- 
termining the position, and, by the adjunction of a séries of 
tactile images characterizing the seat, almost ail, finally, by 
the adjunction of visual images, which hâve become équiva- 
lents of this séries and signs of this group. — We are now able 
to explain our présent conception of extension. Suppose a 
great number of thèse localized sensations to be simultane- 
ously produced, and the points to which we refer them to 
seem to us at once distant and continuous ; then, the whole 
sensation, composed of partial, coexistent, distinct, and con- 
tinuous sensations, that is to say of such that between the 



acquircd acutcness of our sensés. As to this, sec Braid, " Neurhypnology," p. 63. 
" A patient who could not hear the tick of a watch beyond three fcet when avrake, 
could do so when hypnotized at the distance of thirty-five fcet, and walk to it in a 
direct Une, without diflRculty or hésitation .... Some will feel a breath of air 
from the lips, or the blast from a pair of bcllows, at the distance of fifty or even 
ninety feet, and bend from it, and, by making a back current, as by waving the 
hand or a fan, will move in the opposite direction." — Thèse experiments hâve been 
repeated and varied by Dr. Azam of Bordeaux, " and the hearing," he says, " at- 
tains such acuteness that a conversation may be heard on the floor below. The 
ticking of a watch is heard at twenty Ptc feet distance.**— So with the smell, taste, sen- 
sations of beat, and the rest. ** I hâve seen a person write correctly with a book 
placed between him and the paper ; I hâve seen a fine needle threaded in the 
satne position ; hâve seen a person walk about a room with his eyes entirely closed 
and bandaged, and ail this without any other real guide than the résistance of the 
air, and the perfect précision of the movements guided by the muscular sensationi 
in Iheir hyperœsthetic sUte."— " Annales Médico-psychologiques," 3« série, » i. 434. 
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position of one and that of another, we could not imagine any 
intermedîate, wîU appear to us extended, — Let the reader be 
good enough to observe his own case ; he will see that this is 
so with the sensations of heat and cold, which seem to us to 
occupy a whole limb, with the sensation of contact and près» 
sure which we expérience in laying our hand flat on a table» 
with the sensation of color which we expérience when we 
keep the eye steadily fîxed on a green leaf placed at six feet 
distance. In ail thèse cases, the sensation seems extended. 
This arises from its consisting in a number of simultaneous 
sensations, which the éducation of the touch causes to appear 
as situated in distinct and continuous points. — Hère there is 
a double error, iîrst, because, as we hâve seen, sensations are 
situated in the sensory centres, and not in the nervous pér- 
iphéries, next, because, as physiologists show, the nervous 
axes or cylinders, whose disturbance excites our sensations, 
form, at their terminations, discontinuons lines and surfaces. 
The extension of our sensation is thus, in two sensés, an illu- 
sion. 

From this illusion there springs another. With référence 
to sensations localized in points of our body, we conceive and 
affirm the existence of objects situated beyond our body, that 
is to say external, and we détermine their situation by the 
situation of the sensation which reveals them to us. For in- 
stance, a sensation of smell reaches me, and I at once con- 
ceive and aflfirm a rose to be situated in the neighborhood of 
my nose. I expérience a sensation of heat which I refer to 
my left leg ; and I at once conceive and affirm some heated 
object, a current of hot air, a stove, a fire-place, as situated 
near my left leg. — The more determinate and précise the 
locality of my sensation, the more precisely do I détermine 
the locality of the object. This is what happens with sen- 
sations of contact, and especially at the surface of the skin, 
and more particularly at the lips, the point of the tongue, the 
hand, the fingers, the tips of the fingers ;* at thèse parts 

* See Weber^i MetfraremeBta, Mueller, " Physiology " (tr. Balj), I. 701. 
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the power of discrimination is very délicate, and two points 
separated by a line, or evcn half a Une, give two distinct 
sensations. By means of such sensations, we are able 
to situate an object very exactly; their position îs very 
précise; consequently, the position of the object is no 
less précise. — This position is still more précise in the case 
of sensations of color ; consequently, in this case, the posi- 
tion of the object is still more précise. — If, now, we con- 
sider a sharply circumscribed portion of thèse very sensî- 
tive surfaces, and admit that, when ail the nervous points 
capable of affording us a distinct sensation are disturbed at 
once, we may hâve a sensation apparently extended and con- 
tinuous ; we shall conceive and affirm the external object as 
extended and continuons. This is at présent our usual pro- 
ceedîng. This is why, by means of a total sensation, com- 
posed of partial and simultaneous sensations, we perceive as 
extended and continuons the ground on which our foot is 
resting, the portion of the table on which our hand is ex- 
tended, the distant object which our sensation of color de- 
notes. We start from the extension and continuity of our 
sensation, to ascribe to the object a similar extension and 
continuity ; now, the continuity and extension of the sensa- 
tion being apparent only, that of the object can only be ap- 
parent. Consequently, the extension and continuity of 
bodies are illusions only; and, in fact, physicists arrive at 
conceiving atoms, if they exist, as separated by enormous 
intervais, in such a way that in a surface which appears to us 
continuons, the vacant part is far more extcnsive than the 
occupicd part ; going deeper still, they define bodies as a 
System of mathematical points, with relation to which effects 
increase or decrease according to distance. — At ail events, 
there is nothing to prove that bodies are really extended and 
continuons; in this respect, our assertion is entirely gratui- 
tous. Thus, the extension which we ascribe to bodies is, in 
fact, an apparent property of our sensation, a property which, 
by a natural illusion, we transfer to bodies. But this trans- 
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fer is not, as Kant teaches, the effect of the înnate and inex- 
plicable structure of the mind ; it is the effect of an acquired 
disposition, instituted in us by expérience, and we hâve becn 
ablc successîvely to show the various steps of this acquis! 
tion. 

Other conséquences follow. By the position and exten* 
sion we attribute to our sensations, our being itself seems to 
us situated, extended, circumscribed in a precinct. This prc- 
cinct is attached to the personality, and henceforward, the 
îdea I hâve of myself is inséparable from the îdea I hâve of 
my body. In fact, this body is the only thing that accom- 
panies me everywhere. It is the only thing which answers 
to my touch by a sensation of contact. It is the only thing 
which my will sets directly into motion. It is the only thing 
în which I place the sensations I attribute to myself. In ail 
thèse respects it appears to me so tied up and confounded with 
myself, that, when I refer a sensation to any point whatever 
of the nervous surface, my being and my personality seem to 
me for the moment situ ited at the spot in question. Such 
isthe présent state. — Hence it follows that when I now touch 
a table, the object touched must appear to me not only as 
other than myself, but, further, as without me and without 
my sentient surface. It is thus opposcd, not only to myself, 
but also to the encloscd space in which I situate my person- 
ality, and in this way, for the first time, it is really externaL 

In fact, it is this character which strikes us when we now 
perccive a body. We conceive it as a thing beyond us ; to 
this first characteristic, the others attach themselves. — On 
moving my hand about in the dark, it meets with an unknown 
obstacle in a table ; upon this sensation, I conceive and affirm 
beyond my hand a thing beyond iij which excites in me a con- 
tinuous and extended sensation of résistance, and which, be- 
ing capable, as I suppose, of excitîng it again, presently and 
still later on, in others as well as in myself, thus possesses 
the permanent and gênerai property of being resisting and 
extended. At the saiiie time, the shades of my sensation 
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and the accompanying sensations of uniform contact, cold 
and Sound, add to my conception the idea of a conical form, 
of a metallic and sonorous substance, that is, of a bell. — Thus 
dctermined and qualified by the group of sensations it ex- 
cites, this thingbeyondme is opposed to me as a thing without, 
to a thing within. — The séparation is still more readily effcctcd 
when the perception cornes through the eyes ; and observe 
that, at présent, this is the most usual process. We hâve 
shown how, in sight, the sensation of the retina finds itself 
projectcd in appearance beyond our sentient surface, to be- 
come incorporated with the object which excites it, in such a 
way that color, which is an event of our being, seems to us 
a quality of the object. When I perceive this silver bell at 
three paces from me, the white shining patch in its centre, 
which appears to me to be three paces off, is a sensation of 
the retina transported from its seat by the éducation of the 
eye. In this case, our sensation itself appears to us as a thing 
beyond us ; consequently the object to which we attribute 
it, and which, under the name of color, it seems to clothe, is 
opposed to our self and its precinct as a thing external and 
more or less distant. — Sensations apparently projected be- 
yond the nervous surface in which we situate our personality, 
lodged in a determinate point of this outer région, detached 
from us by this projection, constituted apart as events foreign 
to us, erected into permanent qualities by the continuity and 
uniformity of their répétition, erected into qualities of a solid 
body by the presumed possibility of a sensation of contact 
and résistance at the spot in which we situate them : such 
are the visual, and really internai, phantoms which, when we 
open our eyes, seem to us external objects, and we now corn- 
prehend without difficulty how it is that, being compounds 
of the kînd, they appear to us, not only as other than our- 
selves, but as situated without us. 

VIII. Hère we hâve the appearances, and it is time to 
inquire if there be any thing real corresponding to so many 
illusions. We hâve found that the objects we call bodies arc 
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but internai phantoms, that îs to say fragments of the Ego, 
detached from it in appearance and opposed to it, though 
fundamentally they are the Ego under another aspect ; that, 
strictly speaking, this sky, thèse stars, thèse trees, ail thîs 
sensible universe whîch each of us perceives, is the work of 
each of us, or rather his émanation, or rather hîs création, an 
învoluntary création, effected by him spontaneously without 
his consciousness of it, and extended to infinîty around him 
lîke the shade of a little body whose outlîne goes on increas- 
ing in proportion as it becomes distant, and ends by coverîng 
the whole horizon with its immcnsity. — We havc thon found 
that no one of our sensations is situated in that part of the 
body in which we place it, that many of them, though belong- 
ing to us, appcar as foreign to us, that among thèse some 
appcar as permanent qualities of a being other than ourselves, 
while they are in fact transient moments of our being. — Thus, 
illusion shows itself in ail our judgments, whether they refer 
to the extcrnal or the internai world, and we are no longer as- 
tonished at finding the Buddhist Philosopher reduce the Real to 
momentary cvents of his Ego. But analysis, aftcr destroy- 
ing, is able to r.construct, and in observing the manncr in 
which our illusions are formed, we hâve already discovered 
how they lead us on to truths. 

Let us first take the sensations which we still attribute 
to ourselves, but which we project from their cérébral seat to 
situate them in the organs, and in gênerai, at some point of 
our ncrvous periphery — namely, those of taste, smcll, con- 
tact, pressure, muscular contraction, pain, heat, and cold. 
No doubt, thèse sensations are not at the spot in which they 
seem to us situated ; but there is usually found at this spot 
the commencement of the nervous disturbance which excites 
them. For, as a gênerai rule, each variation in this distur- 
bance and in its real position îs represented by a proportion- 
ate variation in the sensation and its apparent position, so 
that, as a gênerai rule, our false judgment results in the 
same conclusion as a true judgment. It serves us as well : 
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ît suggests to us the same provisions. If the nervous dis- 
turbance which excites the sensation of pressure increases 
in strength, the sensation of pressure increases in strength. 
If the nervous disturbance which excites pain actually changes 
place, the pain secms to change place. The différences of posi- 
tion which our ordinary judgment incorrectly supposes to ex- 
ist between two sensations, are precisely the différences of posi- 
tion which physiological experiment correctly establishes be- 
tween the starting points of the two corresponding nervous dis- 
turbances. — Thus our mind hits the mark, tho"gh its aim is 
bad, and what we erroneously allège of our sensations applies 
with an almost absolute and almost constant exactitude to 
che nervous disturbance connected with them. Except in 
those rare cases in which the nervous trunks and centres 
enter spontaneously into action, this application is always 
correct. This is from its being the effect, not of a coïnci- 
dence, but of a harmony. In fact, the sensation is almost 
always connected with the disturbance of the extrcmity of 
the ncrve ; and this almost constant connection was necessary 
tQ establish in me the constant association of images by 
which I now situate the sensation in the neighborhood of the 
nervous extremity. Consequently if, on the one hand, this 
connection invariably leads me astray by makingme invariably 
situate my sensation in a wrong spot, on the other hand it 
almost invariably retrieves the error, by almost invariably 
determining a disturbance of the nervous extremity. It has 
two conséquences, the one unfailing and indirect, my mental 
illusion, the other direct and almost unfailing, the disturbance 
of the extremity of the nerve ; they are two streams starting 
from the same source ; that is why they correspond. If to 
the mental illusion there almost invariably corresponds the 
disturbance of the nervous extremity, it is from their both 
arising by virtue of the same law. 

The same observation applies to sensations which we 
project beyond our sensible precinct, and which we consider 
to be events foreign to us, as for instance sounds, or qualities 
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of objects foreîgn to us, as for instance colors. — No doubt 
ît is erroneously that a particular sound, which is a sensation 
of my acoustic centres, appears to me to float in the air, at 
twenty paces to the right ; but to its regular or irregular 
sound corresponds, élément for élément, a vibration of the 
air which is propagatcd from this point, at this height, this 
distance, and in this direction. — No doubt, again, it is erro- 
neously that the white and blue rays, which are a sensation 
of my optic centres, seem to me extended on the paper with 
which my room ishung; but to thèse rays of color corres- 
pond, élément for élément, différences of structure in the 
surface of the paper, and consequently différences of aptitude 
to absorb or reflect the différent luminous rays. Except in 
the rare cases in which the ear and eye hâve subjective sen- 
sations, the correspondence is perfect. So, hère again, our 
judgment, învariably false in itself, is almost invariably truc 
by correspondence and coïncidence. What we erroneously 
affirm of our sensations is found true of something else ; the 
variations and différences of the object coïncide with the 
variations and différences of our sensations. — The fact is, that 
our sensations are adjustcd to things, and the internai order 
to the external. Hère, as before, the illusion of the sensé 
proceeds from its éducation, and its éducation from the laws 
which connect the origin of a particular sensation to the 
almost constant présence of a particular external condition ; 
so that, at présent, when the illusion is produced, the external 
condition is almost invariably présent. The law which has 
resulted in exciting the illusion within us usually occasions 
the condition without us. Admirable mechanism, which de- 
ceives to instruct us, and leads us through error to truth. 

The disturbance of the extremity of a little whitish fibre, 
the vibration of the particles of a gas, the spécial structure of 
an illuminated surface — thèse are the real équivalents met 
with under the illusion which displaces and disfigures our 
sensations. But thèse équivalents themselves are bodies con« 
sidered in the aspect of a movement they undergo or of a 
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quality they possess. — There remains then for us to dîstîn- 
guish the sensé and value of a deeper illusion — that which 
constitutes extemal perception, and by which we affirm the 
existence of bodies. Is there any thing real corresponding to 
this phantom which sensation excites in us, and which we 
term a body ? We hâve said that extemal perception is an ac- 
curate hallucination. In what does it differ from hallucination 
strictly so called, which is deceptîve ? — Analysis has already 
replied. To this internai and transient phantom which ap- 
peared as a permanent and independent thing there usually 
corresponds, characteristic for characteristic, a permanent and 
independent Possibility and Necessity, the possibility of cer- 
tain sensations under certain conditions, the necessity of the 
same sensations under the same conditions with the addition 
of a co.Tiplementary one. What I am legitimately and truly 
entitled to assert when I toucli this ivory bail, is a group of 
relations between certain conditions and certain sensations ; 
by vîrtue of thèse relations, every sentîent being, who at 
any moment of time shall place himself under the conditions 
în which I am, will hâve the sensation I hâve, and the other 
sensations I imagine. The law is a gênerai one, independent 
of my présence, of my absence, of my existence. Its perma- 
nence causes me to imagine a metaphysical entity — substance. 
Its efficacy causes me to imagine a metaphysical entity — force. 
Thèse are convenient symbols, but we must retain them in 
the State of symbols. Taken in this sensé, we may say that 
lo our phantom corresponds a substance, independent of us, 
permanent, possessed of effective force, capable of exciting 
m every sentient being a certain group of sensations, more 
generally still, capable of exciting and undergoing an event 
which we hâve recognized as the équivalent of ourmost 
important sensations, that is to say motion, or change ot 
place. 

But while availing ourselves ôf thèse phrases, we carefully 
préserve the recollection of their inner meaning. We remind 
ourselves that our extemal perception, reduced to what truth 
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ît contains, is but a gênerai assertion, the cnuncîatîon of a law 
a kînd o{ prédiction, valid for the past as for the future, thc 
prédiction of certain events, sensations, or équivalents of sen- 
sations, as possible under certain conditions, as necessary 
underthe same conditions, with the addition of a complemen- 
tary one. We announce that every sentient being, who shall 
touch or shall hâve touched the bail, will hâve or will hâve 
had the group of muscular, tactile, visual sensations which we 
ourselves had ; that everybody which shall corne or shall hâve 
corne înto collision with the bail, will lose or will hâve lost a 
portion of its motion. There is hallucination proper, when 
the thing announced is not accomplîshed, when the white 
spherical form, which appears situated three paces from me, 
does not excite in me or in others the muscular and tactile . 
sensations on which I reckoned, when a body which passes 
through the spot at which it appears to me situated, does not, 
in spite of my expectation, undergo any diminution of its mo- 
tion. But this case is very rare, and the agreement between 
the preliminary anoouncement and the subséquent effect is 
almost constant. This means that there is, in fact, an almost 
constant connection between the visual sensation of this 
whitish spherical body on the one hand, and a certain group 
of muscular and tactile sensations on the other ; the first is 
the indication of the second ; when the sensation is given, 
the group is almost invariably possible; when the first is 
given, in almost every case, if there be added the comple- 
mentary condition — the transport of the hand to the proper 
place — the second becomes necessary. Now my constant 
prédiction is in my case the fruit of this almost constant con- 
nection. Consequently, the infallible springing up of the pré- 
diction supposes the almost infallible présence of the group, 
and the course of events, which, by its regularity, has crcated 
my attempt, finds, in this very regularity, cause to justify it. 
AU this mechanism is admirable, and the reader now sees 
the length of the élaboration, the perfection of the adjust- 
ment, which permit us to form, effectually and successfuUy, 
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an act so usual, so short, so casy, as external perception, 
The opération resembles digestion or walking; apparently, 
there is nothîng more simple ; in realîty, therc is nothing more 
complex. — There is, in front of me, three paces off, a book 
bound in brown leather, and my eyes are open. A certain 
sensation of brown color rises in my optic centres ; in other 
centres rise muscular sensations excited by the adjustment 
of my eye to the distance, by the convergence of the two eyes, 
by the direction of the convergent eyes ; thèse sensations vary 
with the sensation of brown color, in proportion as the eye, 
in its movements, follows the outlîne and variously illumin- 
ated portions of the book. There are two séries of sensations, 
v.'hose position is in the box of the skull : thèse are the crude 
materials. — Ail the ulterîor process consists in a coupling of 
images. Thanks to the associated image of the muscular sen- 
sations which would conduct the exploration of touch up to 
and along the book, the sensation of color, which belongs to 
us, ceases apparently to belong to us, and appears an extend- 
ed patch situated three paces from our eyes. — Thanks to the 
associated image of the sensations of contact and résistance 
which our exploring touch would then expérience, the patch 
seems to us a solid extension. — Thanks to the associated im- 
age of the sensations which would be experienced at any time 
by any beîng simîlar to ourselves, it seems to us that there 
is at that spot, something permanent, independent, and capa^ 
ble of exciting sensations, and which we term matter. — Thus 
arises the internai semblance, composed of an alienated and 
wrongly situated sensation, of associated images, and, more- 
over, in the man who reflects, of an interprétation and a name 
which isolate and set apart a permanent character included in 
the group. — This semblance changes at every moment with 
the sensations which form its support. On each new support 
the associated images construct a new semblance, and the 
mind is filled with innumerable inmates, a transient popula- 
tion to which corresponds, each to each, the fixed population 
of the outer world. 
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CHAPTER I. 

THE KNOWLEDGE OF MIND. 

!• Here, then, we hâve reached the unextended centre, 
a specics of mathematical point, by relation to which we de- 
fine ail the rest, and which each of us calls / or me. We re- 
vert to it at every instant of our life; a very intense contem- 
plation, almost amounting to ecstasy, is requisite to dctach 
us whoUy from it, and to cause us to forget it for some min- 
utes ; even then, by a sort of rebound, we re-enter upon our- 
selves with greater energy ; we mentally review ail the fore- 
going scène, and say, mentally, twenty times in a minute : 
" Just now I was in such a place, I looked in such a direction, 
then in another, I had such an émotion, I made such a gest- 
ure, and now I am hère." — Besides this, the idea of ourselves 
is comprised in ail our recollections, in almost ail our prévi- 
sions, in ail our pure conceptions or imaginations. — Moreover 
ît is called up by ail our sensations in any way strange or vivid, 
especially those of pleasure or pain, and we often forget the 
extemal world almost completely and for a considérable leng^h 
of time, to recall some agreeable or interesting passage of our 
life, to imagine or désire some great good fortune, to observe 
in the distance, either past or future, some séries of our émo- 
tions. — But this ourselveSy to which, by a perpétuai récurrence, 
we attach each of our successive events, is far more extensive 
than any one of them. It is drawn out before our eyes with 

certainty, like a continuous thread, backwards, over twenty 

7 
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thîrty, forty years, up to the most distant of our recollectîons^ 
and further still, up t(5 the beginning of our life, and it is 
drawn out too, by conjecture, forwards, into other indetermi 
nate and obscure distances. For each new link we add to it 
we review a longer or shorter fragment, a minute, an hour, a 
day, a whole year, many years, sometimes an enormous por 
tion in the twinkling of an eye, and as if in a flash of iight- 
ning. This is why, when compared to our transient events, 
this Ego assumes a sovereign importance in our eyes. — We 
must now examine wliat idea we hâve of it, of what cléments 
this idea is composed, how it is formed within us, why it is 
called up by each of our events, what thing corresponds to it, 
and by what adjustment this correspondence of the thing and 
idea is eflected. 

II. What do we understand by an Ego, in other words by 
/ a person, a soûl, a spirit ? When we conceive some living 
man. Peter, Paul, or ourselves, what idea is there within us, 
and of what éléments is this idea composed ? — What we af 
firm is, in the first place, a something, a being ; I purposely 
employ the vaguest language, so as not to préjudice the mat- 
ter. But, in pronouncing thèse words, we affirm nothing of 
this thing, except that it is ; we say nothing of what it is, 
that question we reserve. — What we affirm is, secondly, that 
ît is a permanent being ; there is something in it which lasts 
and remains the same. I exist to-day, but I existed yesterday 
and the day before; and so with Peter and Paul. If both 
they and I hâve changed in some respects, in other respects 
they and I hâve not changed, and I conceive, in them as in 
myself, something which has remained fixed. But, in saying 
this, I do but affirm the permanence of something in them 
and me ; I do not say what this something is ; I state its dura- 
bility, not its quality ; that question we also reserve.- -What 
we affirm is, thirdly, that this something is connected with a 
particular organized body ; I hâve mine, Peter and Paul hâve 
each their own, and we mean thereby to say that, as a gênerai 
rule, certain altérations of my body excite in me dircctly 
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some partîcular sensations, and that certain events in me— 
émotions or volitions — excite directly in my body certain al- 
térations ; the same being the case with Peter, Paul, and their 
respective bodies. But this rule only states a constant rela- 
tion bctween certain changes of a particular body and cer- 
tain States of the unknown something ; what that relation is, 
still remains to be examined ; that question we again reserve. 
— ^After having stated its existence, its permanence, and its 
principal relation, we must now inquire into the qualitiea 
which détermine it. 

Thèse qualities are its capacities and faculties. I am capa- 
ble of feeling, of perceiving extemal objects, of recoUecting, 
of imagining, of desiring, of willing, of contracting my mus- 
cles, and in this respect, Peter, Paul, and othcr men are similar 
to myself. Moreover, in addition to thèse capacities common 
to ail men, I hâve others spécial to myself; for instance, I am 
able to understand a Latin book ; this porter can carry a 
weight of 3CX) pounds ; hère are précise capacities which dé- 
termine the unknown something. Let us reunite in one 
group and one bundle ail thèse capacities and faculties, com- 
mon or spécial, which are met with in any one, and we shall 
know what he is, in knowing what he contains. The vague 
and empty sketch, which we had of the Ego or of the person, 
becomes limited and is filled out. 

III. Hère, then, we are led to inquire into what we mean 
by capacities and faculties. I hâve the capacity or faculty of 
feeling ; this means that I am capable of having sensations, 
sensations of various kinds, of smell, taste, cold, beat, and, 
for instance, of sound. In other words, sensations of sound 
which, if they arise, will be mine, are possible. They are pos- 
sible because their condition is given, that is, a certain state 
of my acoustic apparatus and of my sensory centres ; if this 
condition ceased to be given, they would cease to be possible ; 
I should no longer be able to hear sounds ; I should be deaf. 
— And 30, a man has the faculty or power of perceiving exter- 
nal bodies, especially by sight ; this means that sensations of 
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sight, which, if they arise, will be his, are possible, They are 
possible upon two conditions ; bis optical and cercbral appar- 
atus must bc in the proper state, and the educition of the 
sight must havc associated in him wîth optical sensations the 
iniafjc of certain muscular sensations ; as thèse two conditions 
are given, his perceptions are possible; if one or the othjr 
werc suppressed, his perceptions would cease to be possibL* 
he would lose or would incompletely possess the faculty of 
sight. — So it is in ail other cases, whether we consider a facul- 
ty comnion to ail mcn or a faculty spécial to an individuaL I 
havc the power or faculty of moving mylimbs, and of retaîn- 
ing my idcas persistcntly. This means that this movement 
of my limbs and this persistence of my ideas is possible ; the 
movement is possible because its condition — a certain starc 
of my muscular and nervous system — is given ; this persist- 
ence is possible because its condition — a certain equilibrium 
of my images — is given. — I hâve the faculty of understanding 
a Latin book, and my neighbor the porter has the faculty of 
carr>'ing a load weighing 300 pounds ; this means that if I 
read a Latin book, I shall understand it ; that if the porter 
has a load of 300 pounds weight on his back, he will cariy it. 
The first act is possible to me, because its condition — the 
knowledge of the Latin words — is given ; the second is possi- 
ble to the porter, because its conditions — the development of 
his muscles and the habitude of bodily exercise — ^are given. 
Suppress one of thèse conditions; the possibility disappcars, 
and the faculty perishes, until the missing condition is re-es- 
tablished. Soften and waste away the porteras muscles by a 
month's low diet ; he will no longer be able to lift his load. 
If paralysis benumbsthe nerves of my arm, I shall no longer 
be able to lift that arm. If an hallucination prevents my sen- 
sory centres from recciving the impression produced on my 
retina by the rays emanating from the table ; as long as the 
hallucination lasts, I shall be unable to perceive the table by 
sight. — On the other hand, cure the hallucination and the par- 
alysis,, ajid strengthen the weakened muscles; the possibili- 
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ties, and wîth them the suspended faculties, will re-arise as 
thcy were before. 

Thus, faculty and capacity are wholly relative terms ; and 
hère we fall again into a similar analysis to that which we 
efîfectcd with thc properties of bodies. Ail thèse words arc 
équivalent to that o( fower ; and, whatever be the power, 
that ofa dog which can run, that of a mathematician who caii 
solve an équation, that of an absolute king who can cause 
hcads to be eut off, the word never does more than state that 
the conditions of an event or of a class of events are présent. 
- — Thcre îs nothing more usefui than the knowledge of such 
conditions ; it permits us to foresee events, those of others as 
wcll as our own. Consequently, we attach a great importance 
to thèse powers ; they are to us the principal and essential 
part of things ; we are tempted to form of them distinct en- 
tities, to consider them as a primitive foundation, a stable 
groundwork, an independent and productive source from 
which events flow. — The truth, however, is that a power is 
nothing in itself, except an aspect, an extract, a particularity 
of certain events, the particularity they hâve of being possi- 
ble because their conditions are given. If thèse events are 
mine or a conséquence of mine, the power appertains to me 
In saying that I hâve such a power, I do but announce as 
possible such an event, sensation, perception, émotion, voli- 
tion, which will, perhaps, form part of my being, and some 
other event, muscular contraction, carriage of a load, exécu- 
tion of an order, which will follow, sooner or later, a possible 
State of my being. But thèse events and states are supposed, 
not given ; they do but form part of my possible being, thcy 
do not form part of my real being. One only of them will 
arise at any particular moment; the others, in unlimitcd 
number, will not arise. The others will remain on the thrcsh- 
old, or outside ; this single privileged one will enter alone, 
and will alone form part of myself. I find, then, by way of 
real éléments and positive materials, to constitute my being, 
nothing but my events and states, future, présent, and past 
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What therc is actually în me îs theîr séries or web. I am, 
then, a séries of successive events and states, sensations, înn^ 
âges, ideas, perceptions, recollcctions, prévisions, émotions, 
desires, volitions, connected together, cxcited by certain 
changes of my body and of other bodies, and excîting certain 
changes of my body and of other bodies. And, as ît isplain 
that my events, past, future, or possible, are ail more or less 
analogous to the daily events which I can seize at the mo- 
ment, or almost at the moment, at whîch they are produced, 
thèse last, the clearest and most near to us of ail, are what I 
proceed to study to know what constitutes the Ego. 

IV. Let us, then, consîder onc of thèse events, or groups 
of présent events, some sensation of pain or pleasure, of con- 
tact, of température, of taste or smcll, some tactile and mus- 
cular sensation, some prépondérant image, some prépondér- 
ant mental word, some émotion, désire, or volition. — At the 
présent moment I suffer from headache, or I taste a fine 
fruit, or enjoyjnysclf by warming my limbs in the chimney- 
corner ; I imagine or recollcct, I am vexed or enlivened by 
an idea, I décide on taking some step. Thèse are the events 
I find within me ; active or passive, voluntary or involuntary, 
whatever be their shadcs, it is of no importance ; they con- 
stitute my présent being, and I attribute them to myself. 
Now, ail the events I attribute to myself hâve a common 
character ; they appear to me as intcrjiaL 

Let us begin with the niost fréquent of ail, that is to say 
the représentations, ideas, and conceptions which we hâve of 
objects,and especîally of external bodies : for instance, I repre- 
sent to my myself an old tîme-piece in the adjoining room. 
Furniture, interiors of rooms, human or animal figures, trees, 
houses, streets, landscapes — it is représentations of this class 
whose séries composes the ordinary current of our thought. 
By a mechanism we hâve described, their hallucinatory ten- 
dency is checked : they are affected by a contradiction which 
négatives them as external objects ; they are thus opposed 
to external objects ; in other words, they appeai internai. — 
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So ît îs wîth every îdea, sensible or abstract, simple or corn- 
'pound. For an îdea îs always the îdea of some thing, and 
consequently comprises two phases, the first an illusory one, 
in which it seems the thing itself ; the second a rectifiedone, 
în which it appears a simple idea. This transformation it un- 
dergoes opposes to each other the two phases which consti- 
tute it ; we express this passage by saying that we re-enter 
upon ourselves^ and that, from the object, we revert to the 
subject ; it is, then, the same event or group of events which, 
according to its successive states, constîtutes, first, the ap- 
parent object, then the actual subject. — Thus the rectifyîng 
opération, by whîch an îdea appears as an idea, îs also the re- 
flectîon by whîch this idea appears as something internai ; 
and the contradiction which négatives it as a fragment of the 
outer world gives it at the same time a position as a frag- 
ment of the inner worid. 

We must now observe that every îdea, conception, and 
représentation has a double face. On the one hand, it is a 
cognition ; on the ather hand, it is an émotion. It îs agreea- 
ble, painful, surprising, startling, tender, consoling. Its en- 
ergy, its weakenings, its intermittences, are precisely the en- 
ergy, the weakcning» the intermittences of the émotion. 
There is but one and the same fact with two aspects, one in- 
tellectual, the other affective and impulsive. — You are told 
that some one whom you left yesterday in good health has 
suddenly died, and this îdea upsets you. You are told that 
a near relation is seriously îll, and this idea afflicts you. It 
excites a gênerai shock, or kind of sharp pain, which contin- 
ues, though growing feebler, an J thus causes a lasting disor- 
der. There is nothing strange in this long trouble, which 
starts from an 4dea and lasts over a séries of ideas, seeming 
to us, like the ideas, internai ; in the desires and volitîons 
whîch spring from it being similarly referred to withîn ; în the 
séquences and characters of the ideas being opposcd, like the 
ideas, to the outer world, and incapable of finding a place 
there. 
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There remains for înquîry, why the sensations which we 
localize in our bodies aiso appear to us as internai, and are 
rcferred by us to ourselvcj. — To find the reason of this, it is 
sufficient to compare them with those equally belongîng to 
us, and which nevertheless we do not attribute to ourselves, 
those of color and sound. We hâve seen the mechanism 
which projects thèse in appearance beyond our body ; if they 
are alienated from us, it is because they are projected out of 
our precînct. It is, then, because the others, those of con- 
tact, of pressure, of heat, of muscular effort, of local pain, of 
taste, and smell, are not projected beyond our body, that they 
are not alienated from us ; their position is the cause of their 
attribution ; we refer them to ourselves because our body, 
comparcd with others, has singular and spécial characters. — 
In fact, it is by its médium that we perceive other bodies and 
act upon them. Whether the action comes from us or them, 
it is always between them and us. In order for us to know 
other bodies, it is first necessary for one of the organs of our 
body to be disturbed ; in order for us to impress motion on 
other bodies, it is first necessary for onc of the muscles of our 
body to be contractcd. It is our first movable thing, and 
first motive power ; with relation to other things, it is always 
viside ; with relation to it, other things are always outside. 
It is our immédiate precînct, in such a way that, if we com- 
pare it to other things, it is a within and they are a without. 
— This is why the sensations of which we hâve been speaking, 
though placed by us in our organs, appear as internai, and 
are referred to self. — Such is our conception of the actual 
subject ; thèse are the présent and real facts it comprises. 
That which I actually am, that which constitutes my real be- 
ing, is a certain présent real group of sensations, ideas, émo- 
tions, désires, volitions ; my conception of my actual being 
comprises thèse events only, and ail thèse events, on analysis, 
présent this common character, that they are pronounced in- 
ternai, whether because, as ideas and séquences of ideas, they 
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are opposed to objects and deprîved of situation, or because 
their apparent position is met with in our body. 

V. Now, at the preceding moment, the subject being 
wholly simîlar, contained events only of the same class ; the 
same observation is to be made for each of the anterior mo- 
ments. And, in fact, when we consider any of thèse moments 
by recollection, we find they are ail similar to the présent mo- 
ment ; just now, when in the other room, I felt cold, and 
walked, I looked at the clock, I foresaw, I desîred, I willed, as 
at this moment. Consequently, my past, as my présent events, 
hâve ail this character of appearing internai. — In this way 
they form a chain, whose links, ail composed of the same 
métal, appear at once united and distinct. For, according to 
the mechanism we hâve described and explained, on the one 
hand the image which constitutes a recollection seems pro- 
jected backwards, and recèdes beyond the répressive images 
or sensations, which séparâtes it from them; and, on the 
other hand, the same image, becoming precisely situât ed, 
seems to be joined by its posterior extremity to the anterior 
extremity of the répressive images or sensations, and is thus 
joined to them ; so that our events appear to us as a continuons 
Une of contiguous cléments. We pass without difficulty from 
one link to another ; according to the well-knqwnJâw which 
govems the revival of images, the images of two successive 
sensations mutually tend to call each other up ; when, there- 
fore, the image of some one of our anterior moments revives 
in us, the image of the preceding and that of the succeeding 
moment tend to revive by association and correspondence. 

Not only do we pass by thèse means from one of our mo- 
ments to an adjacent one ; but, by means of abbrevîations 
which collect in one image a long séries of moments, we pass 
from one period to another of our life. In fact, if, in order to 
recollect one of our somewhat distant events, ît were neces- 
sary to call up the images of al' our intermedîate sensations, 
the opération would be of prodîgîous lengfth ; strictly speak- 
ing, it would require as much time as elapsed between that 
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event and the présent moment. For the wholc détail and du- 
ration of the intermedîate sensations are reproduced in the 
images which conduct us backwards to that event ; it would 
thus require twenty-four hours to recall a sensation of yester- 
day. For thîs Nature has supplied a remedy in the oblitéra- 
tion which images undergo,* and in the property possessed 
by certain prominent images of being the abbreviatory sub- 
stitutes of the group in which they are included. — For in- 
stance, this moming I went into such a street, and such a 
house ; at présent, if I recall my walk, numbers of détails are 
missing ; many of my sensations do not revive. I do not sec 
again the différent figures of the houses, carnages, and pass- 
ers-by, which I then saw ; nine out of ten of them are oblit- 
eratcd definitively and for ever; of ail thèse impressions there 
is but a remnant capable of reviving. Again, it almost always 
happens that, in ordinary life, I do not give it time to rise ; it 
would be necessary for me to dwell on it, to search in my 
mcmory. It is only when I search that I see again certain 
précise détails, some shop, some interesting countenance, 
some striking part of the street. If I do not dwell on it, if I 
do not drive away supervening impressions and distractions, 
if I do not give my recollections time to become précise and 
complète, they almost ail remain in the latent state ; that 
which survives and émerges is one fragment out of ten 
thousand, the vague représentation of my pFogress at some 
moment in the street, of my arrivai in the house, or of the at- 
titude of the friend I went to see. — But this is enough ; the 
shred which is preserved supplies the place of the rest ; I 
know by expérience that by concentrating my attention upon 
it, I should revive sevcral similar ones of the same séries ; it 
is to me in future the summary représentation of the whole. 
— So is it with the breakfast I had previously eaten, with the 
reading which occupicd the first hours of the morning ; so 
that, with three abbreviatory substitutes, I remount in a ma 



* Part i. book ii, chapter ii. 
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ment to my gettîng up, that îs to say to an incident separated 
by ten hours from the présent moment. 

The more distant the event, the greater is the oblitération 
of the images ; and the greater the oblitération, the more 
things does the abbreviatory substitute comprise. — My doings 
of yesterday or the previous day subsist in me only through 
some striking event, some visit I received, some domestîc oc- 
currence for which it was necessary to provide. If I recède 
still further, I perceîve only, in the shipwreck an irrémédiable 
swallowing up of my înnumerable anterior sensations, a few 
surviving images, my arrivai at the country house I am stay- 
îng in, the first green leaves of spring, a winter's evening at a 
particular house, the appearance of a strange town I visited a 
year ago. I may thus go back very far and very fast, and by 
springing from peak to peak, may reach in an instant things 
ten or twenty years distant. — Add to this the calendar, cal- 
culations, ail the différent means which we possess, and which 
children and savages do not possess, of measuring this distance. 
Thanks to an association of images, we place our events in the 
séries of days and months with which the almanac furnishes 
us, in the séries of years furnished by chronology. When 
this is effected, we render précise, by thèse auxiliary charts, 
the position which our various events occupy in duration with 
référence to one another, and are able, not only to rcview in 
a second our most distant events, but also to estimate the in- 
terval separating them from the présent. 

By this opération, more or less perfected, we embrace very 
long fragments of our being in an instant, and, so to speak, 
in a single glance. The distinct events whose succession has, 
during this interval, constituted our being, cease to be dis- 
tinct ; they are obliterated by the abbreviations and the 
speed ; nothing of the séries survives, except a character com- 
mon to ail the éléments traversed, the particularity they hâve 
of being internai. There remains, then, the idea of an internai 
something, of a within^ which is, in this respect, opposed to 
ail the without, which is always met with the same at ail mo- 
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ments of thc scrîes, whîch, consequently, lasts and subsists, 
which, for thîs rcason, appears to us of superior importance, 
and which attaches to itself, as accessorîes, the various tran- 
sîent events. This stable withîn îs what each of us calls /or 
me* — Compared to its events, which pass away while it sub- 
sists, it is a substance ; it is denoted by a substantive or a pro- 
noun, and it incessantly reverts to the most prominent place 
in oral or mental discourse. — Henceforward, when we reflect 
on it, we permit ourselves to be duped by language ; we for- 
get that its permanence is apparent, that, if it appears fixed, 
it is bccause it is incessantly repeated, that it is in itself noth- 
îng more than an extract from internai events, that it dérives 
from them ail its being, that this borrowed being, detached 
by fiction, isolated by the oblivion of its connections, is noth- 
ing in itself and apart. If we do not undeceive ourselves by 
a rîgid analysis, we fall into metaphysical illusion ; we are dis- 
posed to conceive it as a distinct thing, stable and independent 
of its modes of being, and even capable of subsisting after the 
séries from which it is derived has disappeared. 

Another metaphysical illusion comes in to complète its 
being and effect its isolation. We hâve classed its events 
and the facts which its events excite according to their re- 
semblances and différences, and we hâve placcd each group 
in a distinct compartment and under a common name — hère 
sensations, there external perceptions, there, again, recol- 
lections, volitions, voluntary movements, and so on. Con- 
sidering our présent state, we know or suppose that the 
conditions of thèse events are présent — in other words, that 
thèse events are possible; we express this by saying that 
we hâve the power, capacity, or faculty of fecling, perceivîng, 
recollecting, willing, contracting our muscles. Besides thèse 
powers common to ail men, each of us dîscovers in himself, 



* According to some, the word I (je, ich, ego, aham) comes from the root ah^ 
to breathe, and dénotes the inner breath ; according to others, it comes from the 
root gha^ ha^ which signifies this <me^ and by which a person spcaking dénotes him 
self to his listener. — Max MucUer, " The Science of Language." 



Chap. l.J THE KNOWLEDGE OF MIND. lOQ 

by a similar expérience, spécial pQwers peculiar to himself. 
Now, when we consîder thèse powers, we find them ail more 
or less permanent. They précède events, and, in gênerai, 
survive events. They last intact during long years, some 
during our whole life. They thus form a contrast with tran 
sitory events, and seem the essential part of man. In this 
way their notion is attached to the notion of the persistent 
Ego ; thereupon this Ego ceases to appear to us as a simple 
within; it becomes fumished, is qualified, and determined ; 
we define it by the group of its powers, and, if we allow 
ourselves to slip into metaphysical error, we set ît apart as 
something complète and independent, invariably the same 
under the flow of its events. 

VI. Such is the notion of the Ego. Illusory în the meta- 
physical sensé, it is not so in the ordinary sensé ; we cannot 
pronounce it void ; there is something corresponding to it, 
something very analogous to that which, according to oui 
analysis, constitutes the substance of bodies. This some 
thing is the permanent possibility of certain events undet 
certain conditions, and the permanent necessity of the same 
events under the same conditions, with the addition of a 
complementary one, ail thèse events having a common and 
distinctive character, that of appearing as internai. Thus 
we are entîtled to say, while preserving exactly the mean- 
ings of our words, that the Ego is a force as bodies are — ^a 
force which, with relation to them, is a within, as they, with 
relation to ît, are a without. Thèse three words, force 
within, without, express relations only; nothing more; at 
ail the moments of my life, I am a within, capable of 
certain events under certain conditions, and whose events 
under certain conditions are capable of excitîng other events 
in îtself or others. This is what endures in me, and this 
will be invariably the same at ail the instants of my ex* 
îstence. — It is manifest that we hâve not hère a primitive 
notion. It has précédents, éléments, and a history, and we 
may reckon ail the steps of the involuntary opération which 
résulta in forming it. 
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y^ It îs necessary, first, that we should hâve recollections 
and exact recollectîons. It îs further necessary that, by the 
fixing of our recollectîons, our events should appear to us 
as a continuous thrcad. It îs then necessary that, thanks 
to the abbrevîatîons of memory, the particularitîes of our 
events should be oblîterated, that a character common to 
ail the éléments of the thread should predomînate, be dîsen- 
gaged, be îsolated, and erected, by a substantîve name, into 
a substance. It îs further necessary that we should acquîre 
the îdea of the powers, capacîtîes, or facultîes of this sub- 
stance, thcrefore, that we should classîfy our events accord- 
îng to theîr varîous kînds, that, by a more or less prolonged 
expérience, we should dîscover theîr external and internai 
conditions, that, statîng or presumîng the présence of con- 
ditions, we should conceîve thèse events as possible, and 
finally, that îsolatîng this possibîlîty, we should attribute it 
to oursclves, under the name of power, capacîty, or faculty. — ■ 
The idca, then, of the Ego, îs a product ; many varîously elabo- 
rated matcrials concur in its formation. Like every mental 
or organic compound, ît has its normal form ; but, in ordor 
that it may attain this form, certain materials and a certain 
élaboration are required ; with a vcry slight change in the 
éléments and dérangement of the process, the form îs de- 
viated from and the final resuit îs monstrous. Consequently 
the idea of self may deviate and become monstrous ; and, 
nearly as we are situated to ourselves, we may deceive our- 
selves in many ways respecting our self. 
\ In the first place, certain foreign éléments may introduce 
themselves into the idea we hâve of ît. There are circum- 
stanccs in which a séries of imaginary events inserts îtself in 
the séries of real events ; we then attribute to ourselves what 
we hâve not experienced and hâve not done. — In the waking 
State, this ocurrence îs rare; and seldom happens except with 
men whose imagination îs over-excited. I hâve mentioned 
the story of Balzac, who described one day, at the house of 
Madame de Girardîn, a white horse he intended to présent to 
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his frîend Sandeau, and who, a few days afterwards, în the 
persuasion that he had actually gîven ît, inquîred of Sandeau 
about it. It îs plaîn that the starting-point of an îlhisîon like 
this is a voluntary fiction ; the author of it is at first aware 
that it îs fictitious, but finally forgets it. — With barbarous 
people, in uncultivated and childish minds, many false recol- 
Icctions thus take root. Mcn hâve seen a very simple fact ; 
gradually, when it îs distant, in thinking of it, they interpret 
it, amphfy it, provide it with détails, and thèse imaginary dé- 
tails, becoming incorporated with the recoUectîon, end by 
themselves seeming to be recollections. The majorîty of 
legcnds, and religious legends especîally, are formed in this 
way. — A peasant, whose sister had died abroad, assured me 
that he had seen her soûl the very evening of her death ; on 
inquiry beingmade, this soûl was a phosphorescence produced 
in a corner on an old chest of drawers, where therewas abot- 
tle of spirits of wine standing. — The g^ide of a friend of mine 
at Srhyrna declared that he had seen a young gîrl carried 
through the air in fuU daylight by enchantment ; the whole 
town had witnessed the miracle ; after fifteen hours skilful 
questioning, it became évident that ail the guide recollected 
was having seen on that day a small cloud in the sky. — In 
fact, what constitutes recollection is the spontaneous recoil 
of a représentation which becomes precisely fixed between 
certain links in the séries of events which form our life. When 
this recoil and this fixing hâve become învoluntary, when we 
no longer remember that they were at first purely voluntary, 
when finally no other représentation is projected to the same 
spot and rises there to form an obstacle, the false recollection 
is taken for true. 

AU thèse conditions are met with în dreams ; this is why we 
hâve, when dreaming, not only false extemal perceptions, but 
also false recollections.* I hâve noted many such in my own 

♦ Scptcmber 28, x868. M. Maury cites many false recollections which he 
has had in dreams. "Le Sommeil," etc., p. 211, and p. 70. — See anie, p. 65 (part 
i. book ii. chap. i.), the story of the old man who attributed to himself the travels 
Ke had read, âf well as those he had ftctnally made. 
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case ; only lately, I îmagîned myself to be în a d'-avîng-room 
turning over an album of landscapes. The first of thèse pîo 
turcs represented the Polar Sea, a great expanse of blue wa- 
ter, surrounded with icebergs. At this moment. I pcrceîved 
the artist standing before me, and felt myself compelled to 
praîse aloud the beauty of the work ; I turned over the pages, 
and the pîctures seemed to me to grow more and more 
wretched, and suddenly I recollected that, a year ago, I had 
had thîs album in hand, that I had even noticed it in anewspa- 
per that my article, by no means a laudatory one, was of about 
thirty or forty lines on the third column of the second page. 
On this recollection, I felt so confused that I woke up. Now, 
observe that the whole dream was a fiction ; but the recoil 
and fixîng took place spontaneouslywithout meeting a contra- 
dictory représentation, in such a way that the imagînary 
article found itself affirmed. 

So, again, there is nothing more common than false recol- 
lections in cases of insanity, and especially with monomanîacs. 
Such persons form a romance in accordance with their ruling 
passion, and this romance inserted in their life ends by com- 
posing in their eyes ail their past life. — A woman whom I 
hâve seen at Salpêtrière, told, with perfect précision and con- 
viction, a story according to which she was noble and wealthy. 
Her real name was Virginie Silly, and she called herself 
Eugénie de Sully. To believe her, her parents had purposely 
lost her seven or eight times, and her mother had finally sold 
her to a mountebank, with whom she remained two years. 
Before 1848, she had interviews with Louis Philippe and 
made reports to him on the Casino, the Chaumière, the 
Ranelagh, and the hospitals. ** I was," she said, " commis- 
sary-reporter to his Majesty, and the King gave me large 
sums." Later on, when she was living in the Rue Poisson- 
nière, the Emperor came to listen to her conversation from 
behind a screen, and caused her to be locked up. One of her 
uncles, a slave dealer in Chili, left her six millions ; she bas 
still a quarter of a million in the Bank. But she bas been 
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robbcd of her papers and parchments, and în theîr stead has 
becn left a false register of birth, accordîng to which she îs 
poor and of humble origîn.* — ^Another woman, în the service 
of M. Métivîer, and the daughter of a porter in a public office, 
being young and pretty, îmagined that the minister frequently 
noticcd her, and alleged that he had communicated with her 
Ihroiigh a procuress. On this, her lover, who was a clerk in 
the caTice, broke off the engagement. She married a work- 
man, became pregnant, was confined, and, in the meantime, 
the minister died ; she then announced that he had left her 
by will two hundred thousand francs. Her false recollections 
were so clear that her lover abandoned her, and her husband 
almost believed her.f — In somnambulism and hypnotism, the 
patient who has become extremely sensible to suggestion^ is 
subjcct to similar illusions of memory; he is told that he has 
committed such and such a crime, and his figure at once ex- 
presses horror and dismay. Ordinary recollections no longer 
présent themselves, or are too feeble to exercise theîr ordinary 
power of repression ; in the absence of the normal counter- 
poise, the simple conception becomes an affirmative concep- 
tion, and the patient recollects murders which he has not 
committed. 

Other cases présent the inverse illusion. We then no 
longer deceive ourselves by addition, but by exclusion ; in- 
stead of inserting in our séries events which do not belong 
to us, we cast out of our séries events which are really ours. — 
This is the error into which we fall rcspecting colors and 
sounds ; its mechanîsm has bcen dcscribed. Thèse, in them- 
selves, are sensations, like thosc of heat or tastc ; but as they 
are repulsed from our nervous surface, they appear detached 
from us; by this aliénation, sound appears as an external 
event, and color as a qualîtyof a body other than ourselves. — 



♦ From a note of a Lecture by M. Baill.ii^er, a. the Salpêtrière, in 1856. Tht 
Professor questioned the patients în the présence ofhis class. 

t Sec Lenret, " Fragments Psycho'ogiquo.s/* for an nnaIo)rotis case of a mad« 
nan called Benoît (p 64). 
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Thîs error îs normal, and we hâve shown în what way ît is 
useful. But there are others which are abnormal, and bring 
disturbance into ail our conduct ; thèse are the hallucinations 
tcrmed psychical ; * in such cases, the patient aliénâtes and 
refers to others thoughts which are his own ; he understands 
by thoughty hc hears " secret internai voices ; " they speak to 
him ** silently ; ** he sees " invisibly." The wife of an English 
officer at Charenlon sj oke of a sixth scnse by which she 
heard voices ; it was " the sensé of thought." — When we 
question such patients, they reply that the word voice of 
which they avail themselves is very inappropriate, and that 
they use it by way of metaphor, for want of a better word ; 
the voice has no tone, it does not seem to corne from the 
outer world as in ordinary cases ; mystics hâve already made 
this distinction, and oppose " intellectual speech and voices" 
which their soûl seîzes without the intervention of the organs 
of sensé, to bodily voices which they perceive in the same 
way as in ordinary life. Blake, the poet and engraver, who 
callcd up the illustrious dcad, conversed with them ** soûl to 
soûl,** and, as he said, " by intuition and magnetism.** — It is 
easy to recognize that the ideas which such persons attribute 
to others belong to themselves. A person talking with Blake 
beggcd him to ask Richard III. if he professed to justify the 
murders he had committed during his life. " Your question,*' 
said Blake, "has already reached him. . . . We hâve no need 
of words. This is his answer, only it is somewhat longer 
than hc gave it me, for you would not undcrstand the lan- 
guage of spirits. — He says that what you call murder and 
carnage is ail nothing ; that in slaughtering fifteen or twenty 
thousand men you do no wrong, for what is immortal of them 
is not only preserved but passes into a better world, and the 
man who reproaches his assassin is guilty of ingratitude, for 
it is by his mcans that he entcrs into a happier and more 
perfcct State of existence. But do not interrupt me, he is 

* 11:1 «'. ^«.s, " Des Hallucinations/' part i. 
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now in a very good position, and if you say anything more 
he will go.** It is évident that Blake imputed his own 
théories and dreanis to Richard III. ; the person he imagined 
was an écho which sent him back his own thought. — A mad- 
woman played inccssantly at even or odd with an absent per- 
son whom she believed to be the prefect of police ; before 
playing, she looked at the coins she had in her hand, and 
thus knew their number ; the prefect, therefore, aiways 
guessed wrong, and never failed to lose ; later on, she neg- 
lected her preliminary examination ; and then, the prefect 
sometimes lost, and sometimes won. — It is évident that, at 
first, she herself fabricated, without suspecting it, the error 
s ic attributed to the prefect. 

The starting point of thèse illusions is not hard to distîn- 
guish ; we find it in the process of mind of the dramatic au- 
thor, the novelist, of every person of lively imagination ; in 
the midst of a mental monologue, there springs up an address, 
an answer, a kind of internai person rises and addresses us in 
the second person : " Rentre en toi-même. Octave, et cesse 
de te plaindre.** — Now suppose that thèse addresses, thèse 
answers, while remaining mental, are wholly unforcsecn and 
involuntary — a thing which often happens. Suppose they 
comprise strange and sometimes terrible ideas, that the 
patient cannot excite them at will, that he undergoes them, 
that he is beset by them.* Suppose, in a word, that thèse 
discourses are well connected, indicate an intention, impel 
the patient in one or another direction, towards dévotion or 
towards vice. He will be tempted to attribute them to an 
invisible speaker, especially if the religious atmosphère in 
which he lives, and his own spécial creed, authorize his fabri- 
cating such a speaker. The whole séries which constitutes 
the Ego is thus eut into two parts, because the two partial 



♦ Sec the whole autobiography of Bunyan, the author of the " Pilgrim's Pro- 
grès!.** — Also the éloquent and sublime conversations of Tasso with his familial 
genius, recorded by Manso. — So again, the wamings givcn to Socrates by an 
internai voice. 
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séries whîch compose ît présent distinct or even opposite 
characters. Sometimes, when the second has nothing extra- 
ordinary about ît, the patient still attributes ît to hîmself, ancl 
believcs himself to be double. " I am led to belîeve," says a 
sufferer from hallucinations, " that I hâve always had wîthin 
me a double thought, one of whîch controls the actions of 
t le other." "There is," says another patient, " as it were a 
second mysclf who inspects ail my actions and words, like an 
ccho which repeats everything." A third, recovering from a 
fever, " believed himself formed of two indivîduals, one of 
which was in bed, while the other walked about ; although 
he felt no appetite, he ate largely, having, as he said, two 
bodies to support." * — At other times, the second séries îs 
referred to another person, especîally when the ideas ît con- 
tains are out of proportion to those whîch make up the first 
séries. Thus were formed the démon of Socrates, and the 
familiar genius of Tasso. — Usually, after a time, sensorial 
hallucination comes in to complète psychîcal hallucination. 
The internai mental voices become physical and extemal. 
" At first, according to patients, it was something idéal and 
like a spirit speaking in them ; now, they actually hear 
speech ; *' the voices are clear or indistinct, deep or high, 
mclodious or screeching. I hâve already mcntioned the 
case of Théophile Gautier, and how, passing once before the 
Vaudeville, a phrase printed on the notice-board fastened it- 
self upon his recollection, how, in spite of himself, he inces- 
santly repeated ît, how after some time ît ceased to be 
simply mental, and scemed to proceed from a bodily throat, 
with distinct tone and accent ; it revisited him thus, at in- 
tervais and unexpectedly, and this lasted several weeks. 
Suppose a mind preoccupied, beset with fears, assume that 
the voice pronounces, not only a single monotonous phrase, 
but a séries of threatenîng and appropriate speeches, and we 
hâve the case of Luther at the Wartburg, when he disputed 



Cirie-ikigcr, p. 93, and Baillarger, op. cit. passim. 
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v/îth the devil. The mental words hâve excîtod în the sen- 
sory centres of the encephalon corresponding sensations of 
hearing, and henceforth, detached in this double sensé from 
the Ego, they are imputed to an interlocutor. 

Thèse illusions are partial only ; there are total illusions, 
in which the séries of our events is replaced by a strange 
séries. Peter imagines himself Paul, and acts on the belief. 
Hère again, the starting point of the error is in a well-known 
process of the mind, that of the novelist or author who puts 
himself în the place of his characters, adopts their passion, 
and expériences their émotions. — ^This opération is nowhere 
so clearly seen as in hypnotism ; the attention of the patient 
is then limited and concentrated, and rests only on one séries 
of ideas ; this alone is developed ; ail others are benumbed, 
and, for the time, incapable of reviving; consequently ordîn- 
ary recollections are missing and no longer exercise their re- 
pression ; the illusion which, in the author and novelist, is 
upsct at every moment, is now no longer checked and follows 
its course.* " A. B. was asked his name, he answered ricfhtly, 
without hésitation. When hypnotized and in the state of 
coma (being capable of holding himself upright and in appear- 
ance wide awake, though with a strange wandering air as in 
somnambulism) it was strongly suggested to him that he was 
Richard Cobden. A few seconds afterwards he was asked 
his name. He answered at once, and without hésitation, 
* Richard Cobden.* — ' Are you perfectly sure of it ? ' — ' Yes,* 
he answered. — Similar experiments tried with différent 
names, on various other occasions, had always the same re- 
sults. — During the state of normal wakefulness, the subjects 
experimented on gave their proper names as soon as they 
were asked. On the contrary, if during the fitting period of 
hypnotic slcep the name of a king was suggested to them, 
not only were they impelled to say that it was their name, 
but they felt and acted in a way which manifestée their comfic' 
tion t/tat they were kings.** 

♦"Annales Médico-psychologiques," 4 »'' Série, vî. 428. — ^Dr. Hack Tuk^ 
'• De U FoUe ArtificieUe/* 
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This statc, instead of being transient, may become fixed ; 
this is fréquent in the asylums, and is often met with in 
perîods of rcligîous exaltation. — A quartermaster in Crom- 
well's army, James Naylor, believed himself God the Father, 
and was worshîpped by many enthusiastic women. He was 
trîed by Parliament, and sentenced to the pillory. — We find, 
in asylums, lunatics who believe themselves Napoléon, the 
Virgin Mary, the Messiah, or some other person. One of 
them named Dupré, a patient of Leuret, believed and said 
that he was at once Napoléon, Delavigne, Picard, Andrieux, 
Destouches, and Bernardin de Saint-Pierre. — A woman called 
Catherine, mentioned by Leuret, is no longer herself ; she 
does not call herself Catherine ; there is a rupture be- 
tween her past and présent ; she only speaks of herself in the 
third person, saying " the person of myself.** — Others are 
transformed into animais. " There was a man of Padua," 
says Wier, " in 1541, who believed himself to be changed into 
a wolf, and ran about the country attacking and killing ail 
he met. After many difficulties, they contrived to seize 
him. He said boldly to those who arrested him : * I am 
really a wolf, and if my skin does not look like a wolfs skin, 
it is because it is turned and the hair is inside.* — In order to 
assure themselves of the fact, they wounded the wretched 
man in différent parts of hîs body, and tore off his arms and 
legs.** — If the patient expériences false sensations, through 
hypnotism or illness, he may come to form the most eccentric 
ideas of hîs body, and therefore of his personality. — " Among 
a number of hypnotized women," says Dr. Elliotson, ** one 
îmagined that she was made of glass, and was afraid that she 
might become broken ; another that she was no bigger than 
a grain of wheat ; another that she was dead." And so, some 
însane persons are convinced that theirbody is made.of wax, 
of butter, of wood, and act accordingly. Leuret mentions 
meii who believe themselves changed into women, and wo- 
men who believe themselves men. — A soldier whose skin had 
become insensible, believed himself to hâve been dead since 
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thc battle of Austerlitz, where he received a wound. " When 
he was asked as to his health, he said — ' You want to know 
how Father Lambert is ? But there is no Father Lambert ; 
a cannon-ball killed him at Austerlitz ; what you see hère îs 
not him ; it is a wretched machine made to look like him ; 
you ought to ask them to make a better one/ " — In speak- 
îng of himsclf he never said mCy but always //.* 

In short, the conception which I hâve of myself at any 
given moment îs an abbreviatory and substitutive name, 
sometimes my name, sometimes the word / or fne^ both of 
them mentally pronounced. If I dwell on thîs name, ît will, 
in the normal state, call up in me, by association, its équiva- 
lent, that is to say the séries of my actual and interior cvents, 
joined with the numerous séries of possible events of which I 
am actually capable. But this principal association, being 
an acquired one, may be lost ; and so it is with the secondary 
associations which solder together în my mind the various 
fragments of the whole séries. If an extrinsic fragment or an 
extrinsic séries then comes to intercalate itself in the empty 
place, the patient will be mistaken about himself. We hâve 
just seen the principal conditions of this transposition. 
Sometimes the energy of thc normal associations is weakened, 
as in sleep and hypnotism ; the link which binds my name to 
thc word / is weakened ; consequently, a persistent sugges- 
tion is capable of substituting for my name that of another ; 
henceforward this name with thc whole séries of events of 
which it is the équivalent is called up in me as soon as the 
word / reverts mentally, and henceforward I am, in my own 
eyes, some othcr pcrson — Richard Cobden, or Prince Albert. 
— Sometimes the energy of the normal associations is con- 
quered by a greatcr force, The pure conception which, 

* Analogous illusions occur in dreams. M. Charma dreamcd once that he 
was aide-de-camp to Henry IV. ; another time that he was Voltaire. — Dr. Mac« 
nish dreamed that he was a pillar of stone, and saw ail that passed around him. 
— ^De Qoincey, the opium-eater, dreamed that he was the idol in a Brahmiiiica] 
temple, etc. 
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represscd by the séries of recoUcctîons, was at first checked 
in its évolution, now accomplîshcs its development in accor- 
dance with its hallucinatory tendency. Incessantly repeated, 
with daily increased vividness, maintained by a ruling passion, 
by vanity, love, or religious scruples, sustained by false sen- 
sations ill interpreted, confirmed by a group of suitable 
explanations, it assumes a definite ascendancy, annuls con- 
tradictory recollections; being no longer negatived, it is 
pronounced affirmative ; and the fiction, which was at first 
declared a fiction, seems a true story. — ^Thus, our idea of 
our person îs a group of co-ordinated éléments whose mutual 
associations, ceaselessly attacked and ceaselessly vîctorious, 
are maintained during our waking hours and rcason, as the 
composition of an organ îs maintained during health and 
life. But madness îs always hovering near the mînd, as 
illness is always hovering near the body; for the normal 
combination is a victory only ; it results from and is renewed 
by the continuai defeat of the contrary forces. Now, thèse 
last are always présent; an accident may give them the 
prépondérance ; there is but little requîred to enable them to 
assume it ; a slight altération in the proportion of the ele- 
mentary affinities and in the direction of the constructing 
process would bring on a degeneracy. Morally or physically, 
the form we term regular may indeed be the most fréquent, 
but it is through an infinîtenumberof possible déformations 
that it is produced. — We may compare the silcnt élaboration 
of which consciousness is the ordinary resuit to the progress 
of the slave, who, after the games of the circus, crossed the 
Icngth of the arena, among wearied lions and gluttcd tigers, 
bcaring în hîs hand an cgg\ if he arrîved safely, he received 
his freedom. So passes the mind through the confusion of 
monstrous dcliria and yelling madness, almost always with 
împunity, to settle itself in accurate consciousness and exact 
recollection. 

VIL How does ît happen that the slave arrives so fre- 
quently at his destination ? Whence comcs it that our présent 
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recoUectîons almost învarîably correspond to past sensations; 
that the place we assign to thèse sensations is almost invaria« 
bly that which they actually occupied ; that it scarcely ever 
happens that the chain of our events lets slip one of its own 
links or reçoives a link that does not bclong to it ; that the 
group of past, présent, and possible events, of which we com- 
pose our personality is, almost always, really the group of 
events which hâve happened to us, are passing within us, and 
which may occur to us? By what adjustment îs the almost 
invariable accordance of our thought and our being set up? — 
It must be understood that we do not hère undertake to dem- 
onstrate the veracity of momory ; the thing is impossible. In 
fact, such a proof would be reasoning in a circle ; for, if mem- 
ory be accurate, it is through certain laws which accommodate 
the recollection to its object ; now thèse laws can only be ob- 
tained by us from the facts we observe and which we remevi^ 
bcr for the purpose of comparing them ; so that, in order to 
prove the fidelity of memory, it would first be necessary to 
admit the fidelity of memory. We do admit it and without 
much hésitation, if not upon a direct démonstration, at least 
after a host of innumerable confirmations, and as an hypoth- 
esis just'îymg the whole of the expérience, vérifications, and 
prévisions of mankind. — This, when settled, îs enough to ex- 
plain it, and wehave but to regard the described mechanism 
to comprehend the almost infallible accuracy of its working. 

In the first place, what constitutes recollection is a présent 
image which appears a past sensation, and which, by the ré- 
pressive contradiction of présent sensations, finds itself con- 
strained to an apparent recoil. Now, we hâve seen that the 
sensation, after it has ceased, has the property of reviving by 
its image ; as a gênerai rule, almost every clear and circum- 
stantial image supposes an antécédent sensation ; so that, if 
our judgment is invariably false in itself, it îs almost iiivaria- 
bly true by correspondence. We invariably deceive ourselves 
by taking the présent image for a distant sensation ; but, as a 
rule, the distant sensation was produced. If the image by its 
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présence excites a constant illusion whîch forms recollectîon 
on the other hand, it compensâtes this illusion by its origin, 
which is almost invariably an anterior sensation ; if I may 
venture to say so, it rectifies, on the one hand, the crror intc 
which it leads us on the other. 

Sccondly, what situâtes the repulsed image before some 
particular sensation is the présence of that sensation or the 
recall of that sensation by its image. Now, as we saw in 
proving the laws which govern the revival of images, my prés- 
ent sensation tends to call up the image of the preceding sen- 
sation contiguous to it ; and, in gênerai, images of sensations 
which hâve been contiguous, tend to call each other up; 
whence it follows that the image of a past sensation tends to 
call up the images of the anterior and posterior sensations 
which were contiguous to it. Consequently, the abbreviatory 
image of a long séries of sensations, opérations, and actions, 
that is to say of a considérable fragment of my life, tends to 
call up abbreviatory images of the anterior and posterior frag- 
ments. — But we hâve shown that the posterior sensation, 
whether by itself or by its image, exerts on the image of the 
preceding sensation a contradiction which comes to an end 
when its commencement mects with the end of its antago- 
nist, whence it happens that the repulsed image appcars fast- 
ened by its end to the commencement of the image or sensa- 
tion repulsing it. Consequently, when the image of a past 
sensation calls up the image of the posterior sensation and 
the image of the anterior one, it is repulsed by the first, it re- 
pulses the second, it connects itself by its end with the com- 
mencement of the first, by its commencement with the end 
of the second, and thus becomes fixed between the two 
Whenever the three images come in to override on another, 
the two repulsions act in the manner indicated, the mechan- 
ism which situâtes them acts so as to arrange them in a line, 
as soon as the law of mutual évocation arouses them togeth- 
er. Thcy thus contracta with relation to one another, an ap. 
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parent order which corresponds to the real order of the sen- 
sations of which they are the remains. The contiguity of twc 
sensations, one prcccding, the other following, the reciprocal 
calling up of the image of the one by the imapge of the other, 
the apparent joining of the two images, a joining such that, 
while both appear as sensations, the first appears anterior to 
the second : thèse are ail the steps of the opération ; hence 
we see that the real date of a sensation détermines the appa^ 
rent date of its image. Hère again, the agreement is estab- 
lished by a correspondence. 

As a gênerai rule, not only does every précise and detailed 
image présume an antécédent sensation, but every précise and 
detailed image, which is joined, in appearance, to another pos- 
terior one, présumes that the sensation whence it was derîved 
was joined in the same manner, but in rcality, to the sensa- 
tion which the other rcpeats. If its attachment, then, inva- 
riably excites an illusion by compclling the other to appear 
anterior, almost invariably does its origin — the sensation pos- 
terior to the sensation of which the other is the écho — repair 
this error. 

Thus, the thread of our events is formed in our memory ; 
at every moment we look back on a portion ; a day never 
passes without our having frequently reverted back, and 
sometimes far back in the chain, sometimes, by means of 
abbreviatory processes, to events separated from the présent 
moment by many months and many years. Associations so 
rcpeated are continually becoming more tenacious ; our past 
îs a line which we never weary of tracîng over and refreshing 
with ink. — Classes become established among thèse events ; 
they group themselves spontaneously according to theîr 
rcsemblances and différences ; the most fréquent, the acts ot 
walking, grasping with the hand, lifting a weight, feeling, 
touching, smelling, tasting, seeing, hearing, recollecting, fore- 
seeîng, willing, are collected each under a name ; we conceive 
them as possible to us, and thèse possibilitics, incessantly 
verified and limited by expérience, constîtute our power* <>k 
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facultîes, There îs no one of them whose présence, r^nge, 
and liinits may not at any hour be manifested to us, so that 
our idca is associated with the idea of self by links which are 
hourly rc-forgcd and strengthencd. — Add to the recollcction 
of my evcnts and to the idca of my powers a last idca 
sîmilarly renewcd and strengthencd at every moment by 
expérience, that of the body which I call mine, and which 
îs distinguished by sharply dividcd charactcristics from ail 
othcrs, being the only one which answers to my touch by a 
sensation of contact, the only one whose changes excite 
sensations in me without an întermediate, the only one în 
which my will is capable of excitîng changes without an 
întermediate, the only one în which the sensations I ascrîbe 
to myself appear to be sîtuated. Ail this group of true îdeas 
and exact recollections form a singularly solid network. It 
requires, then, a great accumulation of forces to tear from ît 
any portion really belonging to it, or to insert in it any por 
tîon extrinsic to it. — In fact, thèse transpositions are rare ; 
they are principally met wîth when an organic change, like 
sleep or hypnotism, loosens the mcshes of the network, whcn 
an înveterate, prédominant passion, fortified by psychîcal or 
sensorial hallucinations, at last wears away some thread of 
the tissue, substitutes another thread, and, gaining step by 
step, sets a fictitious web in the place of the natural web. 
But, as woven under ordinary conditions, the web is good, 
and its threads correspond, by their présence, by their dî- 
versitîes, by their apparent dates, by their connections, to 
the présence, the diversities, the real dates, the connections 
of the real facts ; this îs because the real facts themselves 
hâve woven it. The mind resembles a loom ; every event îs 
an impulse which sets it in action, and the fabric which issues 
from it, transcribes by its structure the order and kind of 
the impulses which the machine has received. 

VIII. When, by the expériences of touch, of the educated 
sîght, and the other sensés, we hâve acquired a sufiîcîently 
précise and complète idea of our body, and there îs associated 
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to thîs îdea that of a withîn or subject, capable of sensations, 
recollections, perceptions, volitions, and the rest, we make a 
further step. Among the innumerable bodies surrounding us, 
there are many which more or less resemble our own. In 
other words, îf we explore them, they excite în us sensations 
of contact, résistance, température, color, and of tactile and 
Visual shape and size, nearly analogous to those which we ex- 
périence when we take cognizance by the eye and hand of 
our own body. Thus the group of images by which we pic- 
ture to ourselves thèse bodies is very similar to the group of 
images by which we represent to ourselves our own. — Conse- 
quently, in accordance with the law of the association of im- 
ages, when the first group rises in us, it must, like the other, 
call up the idea of a subject or within, capable of sensations, 
perceptions, volitions, and other similar opérations. This is 
the spontaneous suggestion or induction ; it is gradually con« 
fîrmed and rendered précise by numerous vérifications. — In 
the first place, we observe that this body moves, not always 
in the same manner, in correspondence to a mechanical im- 
pulse, but variously, without external impulsion, towards an 
end, seemingly directed by a purpose, just as our own body 
is moved and directed, which leads us to conjecture that in its 
case there are intentions, préférences, motive ideas, a wîU, as 
with us.* — Secondly, and especially if it be an animal of a 
hîgher species, we see it perform a number of actions analo- 
gous to what we find in ourselves, such as crying, walking, 
running, sleeping, drinking, eating, ail of which leads us to im- 
pute to it perceptions, ideas, recollections, émotions, desires, 
similar to those of which thèse actions are in our cases the ef- 
fects.- — Lastly, we put our conjectures to the proof. Having 



* The child is angiy with a balloon or tuft of down which floats about capri- 
ciously, and will not allow him to seize it. — In primitive times, men considered 
tlie Sun, the rivers, as animated beings. — ^The savage takes a watch which ticks and 
whose hands move, for a little round tortoise. — ^A movement which appears spon- 
taneous, invariably suggests the idea of a will, and especially if it apoears to hâve 
an object 
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recognized in our own cases the antécédents and conséquents 
of fear, pain, joy, and, in gênerai, of some particular internai 
State, we reproduce for it thèse antécédents, or prove in ît 
thèse conséquents, and conclude that the internai and inter- 
mediate state, which, visible in our cases, is invisible in its 
case, must hâve bccn produced in its c^tee as in our own. We 
know that, in our cases, a blow wîth a stic k is the antécédent of 
a pain, and that a cry is the conséquent of the pain. \Vc 
strike a dog, and at once hear it give a cry j bctween this con- 
dition of pain and this sign of pain, both of which we clcarly 
pcrccive, we insert, by conjecture, a pair similar to what we 
should oursclves hâve felt in such a case. — Thanks to thèse 
suggestions and thèse continuai vérifications, the outer world 
which so far has been peopled with bodies only, is also peo- 
pied with soûls, and the solitary Ego conceives and afHrms 
around it a multitude of bcings more or less similar to itself. 
IX. AU thèse cognitions are composed of the same élé- 
ments joined togcther according to the same law. Whether it 
be a question of a body, of oursclves, of another animated beîng, 
whether the opération be tcrmcd cxternal perception, act of 
consciousness, recollection, induction, pure conception, our op- 
ération is invariably a mass of which the molécules are sensa- 
tions and images joined to images agglutinated into partial 
groups which mutually call each other up. — A couple is formed 
by the aggregation of two molécules ; to this is attached 
another couple, to thèse combined, others combined, and so 
on, till at last the vast compound we ter;n the idea of an indi- 
vidual, the idea of this tree, of myself, of this dog, of Peter, or 
of Pau!, is estabh'shed.— Take an ivory billiard bail at two 
paces distance. It excites in us a certain crude sensation of 
the retina and the muscles of the eye, which calls up the im- 
age of the muscular sensations of locomotion which would lead 
our hand two paces ofT, according to a certain outline , the 
compound is a patch of color with a certain shape, and situ- 
ated in appearance two paces from us. — We reach forward our 
hand and feel the bail ; it produces in us a certain crude sen- 
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satiot) of cold, of even tontact, of résistance, whîch calls up the 
image of thb tactile and Visual sen^iations which w« should 
hâve if \ve'were to look at or touch our right hand ; the com- 
pound is a sensation of even contact, résistance, and cold, ap- 
' parently situated in our right hand. — Now, whcnfever we hâve 
repckted the*xperiment, eachone of thèse two compounds has 
iilways accompanicd the other. Consequently, in any interval 
of time, however long and howevcr dîvided it may be, we can- 
not imagine a moment in which, where one of the two com- 
pounds is given, the other cannot and must not also be 
given, so that the possîbility and necessîty of both last without 
discontinuity, during ail the moments of the interval ; this is 
what we express by saying that there is in it something sta- 
ble which is permanently tangible, resîstîng, and clothed with 
color. — To this compound so constructed are added the im- 
ages of the distinct Visual sensations, which the bail would ex- 
cite in us, according to the différences of light and distance; 
from ail thèse connected appearances, is formed the internai 
semblance which now springs up in us in the présence of the 
bail. — Add two other compounds, the image of the sensations 
by which we ascertain the changes which on certain condi- 
tions the bail undergoes, and the image of the sensations by 
which we ascertain the changes which the bail on certain con- 
ditions excites in any other body. — Such is the vast collection 
of intellectual atoms Joined one by one and group to group, 
of which ail the groups spring up, or are ready to spring up 
within us, when the crude visual sensation of the white form 
or the crude tactile sensation of smooth contact, cold, and ré- 
sistance, is produced in us. 

Now let us suppose the sensation to cease, and ail that 
subsists of it to be the image with its appurtenances, that is 
to say a représentation of the bail, and let us assume that a 
différent sensation may rise at the same moment with its 
spécial train. By this attachment of a contradictory sensa- 
tion, the représentation of the bail appears something internai, 
a past event ; and, in tliis manner, it arouses other analogous 
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représentations, în the mîdst of whîch ît fixes îtself in such a 
way as to constitute with them a Une of internai events ; thîs 
Une îs opposed to other groups, because ail îts éléments 
présent a constant character, which, being continually repeated, 
seems persistent, that is to say, the particularity of beîng a 
within, in opposition to the without ; and this, later on, will 
ofTer to reflcction . and language the temptation to isolate it 
under the name of subject and Ego. — In this immense chain, 
each class of internai events, sensations, perceptions, émotions, 
each specics of perceptions, of sensations, and émotions has 
its image associated with that of its conditions and of its 
internai and external effects; and this forms an infinité 
number of new couples, the two links of which draw one 
another into the light ; so that we cannot imagine any pain 
without imagining its condition — a particular nervous lésion 
— and without imagining its effect — a contraction or a com- 
plaint. — Now, by a necessary suggestion, when an external 
body présents the conditions and effects of our own, the 
group of sensations which represcnt it calls up in us a group 
of images analogous to those by which we represent to our- 
selves our own events ; and this forms a last compound, the 
most extensive of ail, since it comprises a body and a soûl, 
with ail their mutual connections and ail the connections 
which join their events to the events of others. — ^Thus, in 
our mind, every compound is a couple; the couple of a sen- 
sation and an image; the couple of a sensation and of a 
group, or many groups of images ; more complex couples, in 
which a sensation, combined with its train of images, contra- 
dicts a représentation or group of images ; couples, still more 
vast, in which a sensation, présent with its train of images, 
repuises into the past the abbreviatory images of a considér- 
able fragment of our life ; couples, the most comprehensive 
of ail, in which, by still more summary abbreviations, the 
sensation and images which represent to us ail the properties 
of a body call up the group of images which represent to us 
ail the properties of a soûl. Each couple, if properly con- 
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stnicted, corresponds in our mind to a couple among events, 
and each, when its fîrst term îs precisely repcated by the 
présent sensation, has, as its second term, a. prévision. 

What îs thc mechanism of this final opération, the most 
closely allied to practice, and the most important of ail, since 
by its means we are enabled to act? — We forcsec that the 
sut! will rise to-morrow, that it will describe a certain curv& 
in the sky, that it witl set at such a spot, at such an hour, 
and even, with the aîd of science, that in so many years it 
will undergo, at a particular moment, an éclipse of certain 
extent. Hère, as in recoUcction, an image appears projected 
from the présent ; only, instead of being projected backwards 
on the line of time, it is projected forwards. When, this 
eventng, I foresee that the sun wîU rise to-morrow, what I 
actually hâve in my mind Is the more or less express repré- 
sentation of the SUR at daybreak, of a golden dise risîng in 
the eastern sky, of nearly horizontal rays which first illumin- 
ate the tops of the hills, ail this summed up in a word, in a 
reviving shred of vîsual sensation, in other words, in a présent 
image. This image appears as a future sensation, and fixes 
itself by its anterior extremity on to the posterior extremity 
of the sensation of obscurity which I hâve at présent, which sit- 
uâtes it in a determinate point of the line of the future. Hère is 
thc crude fact ; to explain it, it is enough to refer to the opéra- 
tions of memory. — There are two sensations which hâve never 
failed to succeed one another în us ; on the one hand, the sensa- 
tion of an obscurity of several hours ; on the other, that of a lu- 
minous globe rising in the eastern boundary of the sky. How- 
ever far we may reascend into the past, the first has never 
bcen présent to us without having been foUowed by the 
second, nor the second without having been preceded by the 
first. At whatever point of our past we may consider them, 
wealwaysfind them joined to one another in this same order. 
The constant répétition has created the tenacious habit which 
has produced the energetic tendency, and henceforward, 
when we represent to ourselves the couple, the first term 
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perforée appears to us as antcrior to the second, and the 
second as posterior to the first. — Now, at this moment, the 
fîrst is a présent sensation ; the second, then, must appear as 
posterior to the présent sensation, that is to say, as future. 
In this manner, our prévision is the child of our memory. 
When given a couple of recollections in which the second 
term appears as posterior to the first, if the first îs found to 
be repeated by the présent sensation, the second cannot fail 
to appear as posterior to the présent sensation, and to situate 
itself by so much the more in ad vance and more distant with 
relation to it, as there is a greater interval between the two 
terms of the primitive couple* 

AU our prévisions, and consequently ail our conjectures, 
are constructed in this manner. I wish to move my arm, 
and I foresee that it will move ; I shake a bell, and foresee 
that it will give a ringing sound ; I light a fire under the 
boiler of a locomotive, and foresee that the steam disengaged 
will move the piston ; I read and re-read attentively a pièce 
of poetry, and foresee that I shall presently be able to repeat 
it by heart ; I address a question to my neighbor, and foresee 
that he will answer me. In ail thèse cases, two successive 
links, of the past, are, while preserving their reciprocal situa- 
tion, transported out of their primitive position to be placed, 
the first in the présent, the second at some point ofthe future, 
because we hâve ascertained, or believe that we hâve ascer- 
tained, a perfect resemblance between the first and our prés- 
ent State. 

Now, in fact, the majority of thèse prévisions agrée with 
the events which are foresecn, and, in ordinary life, our ex- 
pectation is scarcely ever mistaken. We do not perform an 
act without reckoning beforehand on its effect, and this effect 
scarcely ever fails to be produced. I hâve foreseen, before 
performing them, ail the movements I perform with my body 
and limbs, and, a hundred thousand times to one, thcy are 
such as I hâve foreseen. I hâve foreseen, before experien- 
cing them, the sensations of résistance, Jorm position, temper- 
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ature, whîch wîll bc givcn me by the somewhat famîliar and 
not too distant objects which I perceive by sight, and, a hun- 
dred thousand times to one, they givc me thc sensation I hâve 
foreseen I foresee, bcfore ascertaining them, the changes 
which a partîcular modification of a certain ordiiiarj' bodj* will 
excite in some other ordinary body, and, a hundrcd thousand 
times to one, thèse changes will take place exactly as I havc 
foreseen them. Drinkîng, eating, slecplng, walking, reading, 
writing, speaking, singing, the carnage of the body, the exer- 
cise of an art, a profession, a trade, no one of thèse common 
actions is accomplished without the intervention of an înnu- 
merable multitude of necessarily correct expectations. The 
intelligent being, animal or man, supplies its wants, préserves 
its life, improves its condition, only by the exact accordance 
of its présent prévision and the near or even distant future.^ 
If this harmony sometimes fails, it ïs on account of the ob- 
jects or circumstances in question being such that anterior 
observation has not fumished sufficient indications respecting 
them. But, as to common objects, this disagrecment is infre- 
quent, and, if the preliminary expérience has bcen s'ifficicnt- 
ly extensive, ît disappears entirely. — There are, then, a prodi- 
gious multitude of cases in which the event justifies the pré- 
vision, and, in ail thèse cases, the couple formed by our 
thoughts is the exact counterpart of the couple formed by the 
facts. Consequently, the mental law which connects our two 
thoughts is as gênerai as the physical or moral law which con- 
nects the two facts. 

But it is not from the outset that we recognize it as gên- 
erai; primitively, it acts wîthin us wîthoutourdîstinguishing 
its character or measuring its range. The child and the ani- 
mal foresee that this water will quench their thirst, that this 
fire wîU bum them ; it is enough for this purpose that expéri- 
ence and custom hâve coupled in their minds a partîcular sen- 
sation and a partîcular représentation ; în their présent cases, 
the sight of water invariably excites the image of quenched 
thirst, and the sight of fire invariably excites the image of 
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burnlng. There is nothing more than this ; what fills theif 
wholc mind at thc moment is a certain visual perception joined 
to the image of a certain future sensation. So is it with the ma- 
jority of our ordinary prévisions ; the adult and reflecting man 
is child and animal with respect to allhis habituai and mechan- 
ical actions, and this is suBicient for his conduct and practice. 
—But he is capable of outstepping this state, and, in fact, by 
graduai degrees, he does outstep it. Not only is the mental 
law within him, but he observes that it is within him. Not 
only does he obey it, in the présent case, but he ascertains 
that it holds good for ail cases, présent, past, and future. By 
means of signs, he extracts, dénotes, and connects the two ab- 
stract terms of water and of extinguished thirst, the two ab- 
stract terms of fire and of burning. When this is effected, he 
considers, by aid of a formula, their couple in itself, exclud- 
ing ail the particular cases in which they are met with. When 
subjected to this opération, the couples which make up our 
animal thought assume a new aspect, and, beneath the flow 
of transient and complex events, we perceive the world of 
fixed and simple laws. 
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CHAPTER I. 

GENERAL CHARACTERS AND GENERAL IDEAS. 

HiTHERTO we have only considered particular things, and 
the knowledge we gain of them ; we have now to consîder 
gênerai things, and the ideas we have of them. For there 
are gênerai things — I mean thereby things common to many 
instances or individuals ; thèse are characters or groups of 
characters. Observe, for example, what is meant by the word 
water, or the word drink ; water dénotes a group of characters 
which is met with alike in a number of liquids, in that of wells, 
of rivers, of springs, of the sea ; drink dénotes a group of char- 
acters which is met with alike in a number of actions, in ail 
those by which a man or an animal causes a liquid to flow into 
his mouth and stomach. So is it with the other words of 
the dictionary ; each of them dénotes a character or group of 
characters which is or may be présent in many natural cases or 
individuals. Hère we have a new object of knowledge. Just 
as there are in our minds thoughts corresponding to particular 
instances and individuals, so are there thoughts corresponding 
to gênerai characters. Thèse we call gênerai ideas. They 
form in our minds couples, séries, aggregates of various kinds, in 
short a vast complex édifice. We shall now examine of what 
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cléments thîs mental édifice îs composed, how ît is constructed, 
bow its equilibrium is maintained, and underwhat conditions 
it corresponds to the real and natural édifice of things. 

§ I. General Ideas wiiich are Copies. 

I. General characters play a great part în nature. In the 
first place, strange as the paradox may appear, a gênerai char- 
acter is requisite to constitute an individual, a particular last- 
ing thing. Whether it be a body or a mind, this stone or thîs 
man, there is a character Connecting its various successive 
moments, a common character which we find alike în ail of 
them. In the case of the stone ît îs, at every moment and 
during the whole duration of its existence, the possibility of 
exciting in us the same sensations of contact, résistance, and 
form, and of undergoing the same changes of position or struc- 
ture under the same circumstances ; in short, the incessantly 
renewed présence of the same sensible and physical characters. 
In the case of the man, ît is the constant possession of the 
same aptitudes and the same inclinations, or, if the expression 
îs preferred, the continuous action ofthe same brain. — Thîs 
we hâve already seen ; what lies at the foundation of the îdea 
of self is the idea of a within in opposition to a without, ail 
our events having this common character of appearing to us 
as internai, in opposition to others which appear to us as ex- 
ternal. So again, what lies at the foundation of the idea of 
a particular body is the idea of certain invariably identîcal sen- 
sations, which may under certain conditions be obtained at 
any moment. — In short, without pushing the analysis very 
far, we perceive that existence is in its nature fragmentary, 
perpetually repeated, made up of an indefinite number of 
successive portions, just like the flame of a candie, which îs 
a séries of etheseal vibrations, or the course of a stream, 
which is a flow of contînually renewed waters. In this im- 
mense flow of events — the world — séries which are sharply 
divided from surroundîng séries, and whose éléments are very 
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similar to each other, form what we term particular and indi* 
vidual beings. Each of thèse beings îs a kind of distinct vor- 
tex ; its continuous répétition resembles permanence : in fact 
there îs nothing permanent in itexcept îtsform, that isto say 
the group of characters common to ail its moments. But, from 
the vanishing and the incessant diversity of ail its constituent 
evcnts, the group of its fixed characters acquires a capital im« 
portance, and we legitimately considcr it as the essential por- 
tion of the individual. 

Let us now compare with one another a great number of 
individuals. It is a remarkablc fact that, in spite of the 
séparations of time and space, we fînd in an indemnité num- 
ber of individuals, certain characters which are always the 
same. Six thousand years ago, the plants and animais of 
Egypt were similar to those of the présent day ; there are 
many kinds of plants and animais which hâve not varied 
throughout the enormous intervais of geological periods; 
from one end of the world to the other, at the présent 
time and in epochs separated from the présent by myriads 
of âges, the little moUusk whose shell forms chalk has 
had the same structure and same existence. — Nay more, 
many of our chemical bodies, hydrogen, iron, sodium, and 
others, are met with in the sun, thirty-five millions of 
leagues from our earth, and beyond that again in stars so 
remote that it takes several years for their light to reach us, 
and that their distance escapes ail our measurements. — At 
this prodigious distance the stars are, like the earth, subject 
to gravitation : this is proved by the movements of double 
stars. Their light is subject to the same conditions as that 
of the bodies we burn ; this is proved by studying the rays 
of the spectrum. — Lastly, no scientific man has any doubt 
that, in accordance with the laws of the conservation of 
force, movement must hâve always existed and must exist 
for ever. — And so, just as there are common characters 
whose continuous présence connects together the various 
moments of the individual, so are there common characters 
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whose multiplîed and repeated présence connects together 
the various îndividuals of the class. Thèse characters are 
the uniform and fîxed portion of dispersed and successive 
existence, and this alone would su Alice to show us the 
interest we hâve in separating and seizing them. 

But their importance appcars stîll more ciearly from 
another characteristic. We do not arrange them mercly 
for the convenience of thought ; they are not simple means 
of classification, instruments of technical memory. Not 
only do they exist in fact, without us, and often far beyond 
the short range of our sensés and our conjectures, but 
more than this, they are effective. Each of them, by itself 
and by itself alone, draws on with it another which is its 
companion, its antécédent or its conséquent, and so forms 
a couple which we term a Law. Thus, in any animal 
whatever, the présence of mammae implies that of vertebrae. 
In every plant with two cotylédons, the arborescent bark is 
formed of concentric layers. In ail the layers of the 
atmosphère which become chilled below a certain point, the 
încluded vapor is precipitated as dew. Whenever two heavy 
bodies are in the présence of one another, they attract each 
other in the direct ratio of their mass and the inverse ratio 
of the square of their distance. If the vapor of sodium be 
burnt, its luminous spectrum présents a yellow ray at a de- 
termîned point. — AU thèse examples show us that gênerai 
characters are not only the most widely distributed inmates, 
but also the most important agents of nature ; not only hâve 
they the largest place, but the principal part and most décis- 
ive activity in the field of being. 

We must now observe that they are not ail equally gên- 
erai. Some are more so, others less ; each of them is by so 
much the more gênerai as it is less complex, and so much the 
less complex as it is the more gênerai. — In fact, let us begin 
by considering the group of characters which persists in a 
particular being, in some man, through the successive mo- 
ments of his life. This group is a very extensive one ; we 
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sec thîs by the multitude of détails we are compelled to gîve 
when we attempt to describe a human person or soûl. But 
on the other hand, this group oxily corresponds with this 
man, and lasts, like him, for a short interval of time only.^ 
Pass now from the individual to the race ; the inverse hap- 
pens ; hère, no doubt, common characters are much more ex- 
tended in space, and last much longer in time, since they are 
met with in an indefinitenumberof contemporaryindividuals, 
and are repeated through an indcfinite number of successive 
générations. But, on the other hand, they are themselves 
less in number, since necessarily the whole of the characteris- 
tics which distinguish each individual from the rest hâve been 
left on one side, and since the gênerai type obtained by this 
retrenchment is a remnant only. — The same observation is 
made on passing from the race or variety, that is to say from 
the Negro or the Indo-European, to the species, that is to say to 
Man. — Continue and foUow out the classifications of Natural 
History, from the species to the genus, then to the family, 
to the order, to the sub-kingdom, and to the kingdom. At 
each step of the ladder, the type, impoverished on the one 
hand, enriched on the other, loses some of its preceding 
characters, and acquires new représentatives; its éléments 
are more restrained, but its province is more extensive; 
its contents decrease, while its extension increases. — For 
instance, the species is less durable than the genus. A 
particular species of animal, that of the megalosaurians, has 
perished, after having existed during a geological period, and 
the genus to which it belonged still subsists in other species 
which hâve since arisen, or which hâve survived ; but the 
characters of the genus are but a fragment of those of the 
species, and the genus which survives in the modem saurians 
présents a portion only of the characters of the species which 
has disappeared. — ^The rule is everywhere the same. If we 
pass from organized and living matter to minerai and dead 
matter, then to mechanical matter, we see the group of char- 
acters common to various bodies reduce themselves, on the 
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one hand, till they consist of one or two qualities almost ab* 
solutely simple, and become applicable, on the other, till they 
include ail bodies real or imaginable. — Thus gênerai charac- 
ters arrange themselves in stages, one above the other, and in 
proportion as theîr présence becomes more universal, thcir 
contents decrease. At the lowest point is the momentar> 
fact, absolutely singular and distinct, which forms the élément 
of the rest ; every moment, action, state, or fact, is thus a 
prodigiously complex datum, differing from every other, and 
having its spécial shade of character. This shade of charac- 
ter subtracted, there remains a cluster of characters common 
to a whole séries of facts, and whose persistence forms the in- 
dividual. If from this cluster we omit ail personal character- 
istics, the remainder forms the race, that is to say a charac- 
ter présent in the individual and in many others. An extract 
from this remainder is the genus, that is to say a character 
présent in many species ; and so on. — By this séries of sup^ 
pressions we pass, from a curtailed remainder, to a remainder 
still more curtailed, and, at the same time, from a gênerai 
datum to a still more gênerai datum. At ail thèse stages, the 
gênerai character is an abstract character, and the more ab- 
stract as it becomes more gênerai, and the more gênerai as it 
becomes more abstract. 

II. To thèse extracts or remnants, présent at several points 
of time and space, correspond within us thoughts of a dis- 
tinct kind which we term gênerai and abstract ideas. — We 
hâve already shown in what thèse ideas consist.* A gênerai 
and abstract idea is a name, nothing but a name, the signifi- 
cant and covtprehemied name of a séries of similar facts, or of 
a class of similar individuals, usually accompaniedhy the sen- 
sible, though vague, représentation of some one of thèse facts 
or individuals. The analysis is one of great delicacy, and we 
hâve already performed it ; but in such a matter we cannot 
accumulate too many examples, and I beg the reader wilJ re- 
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pcat the examînation în his own case, choosîng some very 
striking idea which he has recently acquired. — Hère is one of 
my owii, whose commencement I clearly recall. Some yeari 
ago I saw în England, în Kew Gardens, for the first tîme, 
araucarias, and I walked along the beds lookîng at thèse strange 
plants, with their rigid bark, and compact, short, scaly leaves, 
of a sombre green, whose abrupt, rough, bristlîng form eut 
în upon the fine softly lighted turf of the fresh grass-plat. If 
I now înquîre what this expérience has left in me, I find, first, 
the sensible représentation of an araucaria ; in fact, I hâve 
been able to describe almost exactly the form and color of the 
plant. But there îs a différence between this représentation 
and the former sensations, of which ît is the présent écho. 
The internai semblance, from which I hâve just made my de- 
scription, is vague, and my past sensations wcre précise. For, 
assuredly, each of the araucarias I saw, then excited in me a 
distinct visual sensation ; there are no two absolutcly similar 
plants in nature ; I observed perhaps twenty or thirty arau- 
carias , without a doubt each one of them differed from the 
others in size, in girth, by the more or less obtuse angles of 
its branches, by the more or less abrupt jutting out of its 
scales, by the style of its texture ; consequenlly, my twenty 
or thirty visual sensations were différent. But no one of 
thèse sensations has completely survived in its écho ; the 
twenty or thirty revivais hâve blunted one another ; thus up- 
set and agglutinated by their resemblance they are confound- 
ed togcther, and my présent représentation is their residue 
only. This is the product, or rather the fragment, which is 
deposîted in us, when we hâve gone through a séries of simi» 
lar facts or îndividuals. Of our numerous expériences there 
remain on the following day four or five more or less distinct 
recollections, which, obliterated themsclves, leave behind in 
us a simple colorless, vague représentation, into which enter 
as components various reviving sensations, in an utterly fee- 
ble, incomplète, and abortive state. — But this représentation 
is not the gênerai and abstract idea. It is but its accompani- 
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ment, and, if I may say so, the ore from whîch ît îs extiacteA 
For the représentation, though badly sketched, îs a sketch, 
the sensible sketch of a distinct individual; in fact, if 
I make it persist and dwell upon it, it repeats some spécial 
Visual sensation ; I see mentally some outline which corres- 
ponds only to some particular araucaria, and therefore can- 
not correspond to the whole class ; now my abstract idea 
corresponds to the whole class; it differs, then, from the 
représentation of an individual. — Moreover, my abstract idea 
is perfectly clear and determinate ; now that I possess it, I 
never fail to recognize an araucaria among the various plants 
I may be shown ; it differs, then, from the confused and float- 
ing représentation I hâve of some particular araucaria. 

What is there, then, within me so clear and determinate 
corresponding to the abstract character common to ail arau- 
carias, and corresponding to it alone ? — A class-name, the 
name araucaria, pronounced or mentally understood, that is 
to say a significant sound, which îs comprehendedy and is, in 
this way, possessed of two properties. On the one hand, as 
soon as it is perceived or imagined, it awakes in me the sen- 
sible représentation, more or less express, of an individual of 
the class ; this attachment is exclusive ; it does not arouse in 
me the représentation of an individual of another class. On 
the other hand, as soon as I perceive or imagine an individ- 
ual of the class, I imagine this sound itself, and am tempted 
to pronounce it : this attachment again is exclusive ; the real 
or mental présence of an individual of another class does not 
rouse it in my mind, and does not call it to my lips. — By this 
double attachment it becomes incorporated with ail the per- 
ceptions and sensible représentations I hâve of the indivîduals 
of the class, and is incorporated with them alone. But it is 
not specially attached to any one of them ; it calls up ail in- 
differently ; it is called up indifferently by ail. Therefore, if 
they call it up, it is owing to what ail hâve in common, and 
not owing to what each has specially ; therefore, again, it is 
attached to what ail hâve in common ind to that alone. — Now 
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this something îs preciscly the abstract character, the sain« 
for ail the îtidividuals of the class. It is, then, to this charac- 
ter, and to this character alone, that the name, mentally heard 
or pronounced, corresponds; which we express by saying 
that the name signifies and dénotes the character. In this 
way the name îs équivalent to the sight, expérience, or sen- 
sible représentation which we do not and cannot possess of 
the abstract character présent in ail the similar individuals. 
It replaces this character, and performs the samc functions. 
— Thus we conceive the abstract characters of things by 
means of abstract names which are our abstract ideas, and 
the formation of our ideas is nothing more than the fonna- 
tion of names, which are substittUes. 

How does a gênerai and abstract name arise.and by what 
mechanism does it contract this double exclusive attachment 
to our sensible représentations and spécial perceptions which 
gives it its signification and value P — There is hère, as we 
hâve shown above, a single association of a certain class. V/e 
point out a dog to a very little child, and tell him, in the lan- 
guage of the nursery, imitating more or less happily the 
barking of the animal, " That is a bom-wow" His eye foUows 
the indicating gesture ; he sees the dag, hears the sound, and, 
after the apprenticeship of some répétitions, the two images, 
that of the dog and that of the sound, are, in accordance with 
the law of the association of images, pemianently associated 
in his mind. In othei words, when he next sees the dog, he 
imagines the sound, and evcn, by imîtative instinct, makes 
the sound, after some attempts. If the dog barks, he laughs 
and îs dclighted, he has a double înducement to utter the 
ne.v and very striking animal noîse of which he has as yet 
heard a human imitation only. — So far there îs nothtng orig- 
inal or superîor ; the brain of every mammat is capable of 
similar associations; a fox, when he seizes a rabbit certainly 
imagines beforehand the sharp quîck cry of the rabbit ; a 
sporting dog, who hears the cry of a partndge, certainly im- 
agines the Visual form of the partridge in the air, and, as to the 
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instinctive reproduction of a sound when heard, there are thc 
well-known cases of parrots and other kinds of imitative an- 
imais. 

But there is this peculiar to man, the sound which has 
become associated in his case with the perception of some 
particular individual is called up again, not only at the sight 
of absolu tely similar individuals, but also by the présence 
of individuals strikingly différent, though in some respects 
comprised in the same class. In other words, analogies which 
do not strike animais, strike men. — The child says bow-wotv, 
first to the house-dog, then, after a little, he says bow-wow 
to the terriers, mastiffs, and Newfoundlands he sees in the 
Street. — ^A little later, and he does what an animal never does, 
says boW'Wow to a pasteboard dog which barks when squeezed 
then to a pasteboard dog which does not bark, but which 
runs on wheels, then to the silent and motionless bronze dog 
which ornaments the drawing-room, then to his little cousin 
who runs about the room on ail fours, then, at last, to a pic- 
ture representing a dog. — Under thèse last circumstances, I 
saw a little boy two years old repeat the word bow-wow^ some 
forty or fîfty consécutive times, with extraordinary wonder, 
animation, and delight. He was held up to look at a shade 
placed over a light, and ornamented with black figures of 
dogs which were strongly illumînated. As the shade was 
turned round, and each new figure appeared, he cried bow^ 
wow with an air of triumph ; it was the enthusiasm pf dis- 
covery ; and every day it was necessary to repeat it." I de- 
termined to count his exclamations; one evening, in less 
than three-quarters of an hour, he cried bow-wow fîfty-three 
times in succession, and his curiosity was never wearied. — Il 
with the aid of philologists we observe the primitive mean- 
îngs of words in Latin, Greek, and German, and especially, 
In Hebrew and Sanscrit, wc find at their orîgin a wholly sim- 
ilar opération :* a very loose analogy, that is to say a very 

♦ Renan, " De l'Origine du Langage," pp. 125, 136. Max Millier, " Tht 
Science of Languagc.'* 
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trifling rcseniblancc between two facts, is sufBcîent for the 
namc gîven to thc first to be applied to the second. — At the 
présent day, too, our most important dîscoveries are made in 
a simîlar nianncr. Wlien Oken, coming across the skeleton 
of a sheep, conceivod the skull to be a compoand of flattened 
and Consolidated vertebrae ; when Goethe, observing petal- 
loid stamens, conccived ail the organs of a plant to be trans- 
formed Icaves ; when Newton, seeing an applefall, conceived 
the moon to be a heavy body aiso tending to fall to the earth, 
they repeated the mental opération and experîenced the de- 
light of the little boy who saw the dogjs on the lamp-shade 
and cried out bow-ivow. — Between a vertebra and the skull, 
between the green leaf and a pistil or stamen, between the 
falling apple and the moon travelling through the sky, be- 
tween the living barking dog and the little figure on the lamp- 
shadê, the différence of appearance is enormous ; it seems 
that the two représentations differ ail în ail. And yet they 
havc a common characteristic ; thanks to this common pos- 
session, the name called up by the first has also been called 
up by the second, and henceforward corresponds to a vcry 
gênerai and very abstract character. — Ail that distinguishes 
man from the animal, intelligent races from those of limited 
capacity, comprehensive and délicate from ordinary minds, is 
reduced to this faculty of scizing more délicate analogies, to 
this contagion, by which the name of an individual attaches 
to a more différent individual, to the property of more dis- 
similar représentations or perceptions to excite the same 
namc. For, the more rare are thc points of rcscmblance, the 
more individuals does thc class contain ; the more indivîduals 
does it contain, the more général and abstract is the charac- 
ter to which the idea, that is to say the name, corresponds ; 
the more gênerai and abstract is this character, the more 
place does it occupy in nature and the more individuals does 
it connect. — The discovery of relations between very rcmote 
objects, the détection of very délicate analogies, thc extrac- 
tion of common characteristics from very dissimilar objects, 
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the formation of very gênerai ideas, the isolation of very ab- 
stract qualities — thèse expressions are ail équivalent, and ail 
thèse opérations are reduced to the calling up the same name 
by perceptions or représentations whose resemblances are 
very sliglit, to the excitement of the sign by an almost imper- 
ceptible stimulus, to the mental appearance of the word upon 
a summcns of the sligktest nature, 

By means of this aptitude, the child of fifteen months old 
learns, in two or three years, the principal words of ordinary 
familiar language. — Observe the profound différence separa- 
ting this acquisition and the parallel acquisition which a par- 
rot might make. The infant invents and discovers încessantly, 
and of its own accord ; there is no perîod of life in whîch his 
intelligence is so créative. The names suggested to hîm by 
his parents and the persons about him, are but starting points 
for his innumerable efforts ; hence his joy and trouble. — When 
once a name he receives is associated in his mînd with the 
perception of an individual object, his mind acts as in the pre- 
vious example ; he applies the name to the more or less simi- 
lar objects which he recognizes as alike. This wholly sponta- 
neous récognition appertains entirely to the child ; a parrot 
does not apply the name which îs taught him ; in a bird's 
brain, it remains isolated ; in a child 's brain, it becomes asso- 
ciated to the présence of a gênerai character, which hence- 
forth has only to appear în order to call ît up. This is what 
the child does with words transmitted from significant words, 
There îs not even need on ail occasions for the words to be 
transmitted, with deliberate intention and by a human mouth ; 
sometimes the child seizes them in the involuntary sounds he 
utters, or in the accidentai sounds he catches. " A member 
of my own family," says Mr. Lieber,* " showed, in early in- 
fancy, a peculiar tendency to form new words, partly from 
sounds which the child caught, as to woh for to stop, from the 
interjection woli, used by waggoners when they wish to fîtop 



♦ «• 



Smithsonian Contributions to Knowledge," vol. ii. p. 15. 
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their horses ; partly from symphenomenal émissions of sounds. 
Thus, when the boy was a little above a year old he had made 
and established in the nursery the word nim for everything fit 
to eat. I had watched the growth of this wc* J. First, he 
expressed his satisfaction at seeing his meal, when hungry, by 
the natural humming sound, which we might express thus, 
hm. Gradually, as his organs of speech became more skilful, 
and répétition made the sound more familiar and clearer, 
it changed into the more articulate um and int. Finally, an 
n was placed before it, nim being much easier to pronounce 
than iniy when the mouth has been closed. But soon the 
growing mind began to generalize, and nim came to signify 
everything edible ; so that the boy would add the vfords good 
or badj which he had learned in the meantime. He now 
would say good nim, bad nim^ his nurse adopting the word 
with him. On one occasion he said,^^ «iw, for bad^ répulsive 
fj eat, — There is no doubt but that a verb to nim, for to eat, 
would hâve developed itsclf, had not the ripening mind 
adopted the vernacular language, which was oiTered to it ready 
made." — The initiative of the infant is further shown by the 
incorrect use it makes of our words by giving them a meaning 
which they hâve not for us, and which it invents, The same 
child had learned the words Good Boy y which he always pro- 
lounced together^and which formed one word for him. " One 
day, wishing to express the idea Good CoWy he said Goodboy 

Cow Similarly a little girl said to a man, Doctor 

naughty girl, because he had teased her." — We may sum up 
the whole apprenticeship of a child by saying that it receives 
words, but créâtes their meanings, and that a séries of contin- 
nous rectifications are required in order that the meaning it 
attributes to them may coïncide with the meaning we attrib- 
ute to them. 

III. Suppose this processraccomplished, and the infant ar- 
rived at the threshold of adult life. Hère begins a new sé- 
ries of re-arrangements, additions and corrections, an indefinite 
séries, carried on from génération to génération, and from 

10 
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people to people — I mean scientific research. — It îs hère a 
question of making our gênerai ideas correspond, no longer 
with the gênerai ideas of other people, but with the gênerai 
characters of things. As soon as we are seized with this de- 
sire, a primary need déclares itself ; thcre are blanks in our 
ideas ; it is nccessary to fill thèse blanks. — For instance, the 
notion an ordinary person has of the human body is very 
mcagre and incomplète ; he only knows it in the rough ; to 
him it is a head, a trunk, a neck, four limbs, of certain color 
and certain form — that suffices him for practical purposes- 
But it is clear that the characters spécial to the human body 
are infinitely more numerous ; such a notion represents some 
five or six only of the most obvious ones ; we must add to it 
ail those which prolonged and varied observation can discover. 
— The anatomist cornes with the désire to see the détails and 
the interior; he dissects, notes, describes, and draws. The 
text-book for beginners contains a thousand pages, and I can- 
not tell how many charts and volumes would be required to 
hold the figures and enumeration of ail the parts which the 
naked eye discovers. — Whcn the eye is aided by the micro- 
scope, this number is multiplied a hundredfold. Lyonnet 
did not find twenty years too much to describc the Caterpil- 
lar found in willow trees. — Beyond our microscope, more pow- 
erful instruments would further increase our knowledge ; it is 
évident that in this direction there is no limit to the research. 
— So, again, take an inorganic body, water ; my idea of it is 
that of an inodorous, colorless, transparent liquid, fit to drink, 
which may become ice or steam ; nothing more ; this îs ail I 
know of the enormous group of physical and chemical char- 
acters or properties which accompany and constitute water. 
Physicists and chemists come with their balances, their ther- 
mometers, their electrical machines, their optical instruments, 
their retorts, their reagents, and, in their hands the five or 
six meshes which make up my idea become multiplied till 
they form a vast net. But this net, however we may imag- 
ine it enlargedi will never hâve as many meshes as there are 
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characters în the object to which it corresponds ; for the dis- 
covcry of a ncw body will always be sufFicieiit to add a new 
character to the object. At the begînning of the century, the 
discovery of potassium and sodium shuwcd that, in contact 
with certain metats, water was dccomposed at the ordinary 
température; hère was a new character. ]f we had hère the 
unlcnown simple bodies which the rays of the spectrum now 
indicate to us among the stars, and if we could submit water 
to thcir action, it would most undoubtcdly exhibit unknown 
properties, which would hâve to be added to the list. — Mean- 
whilc, with every object. this iist, fruitlcssly lengthened, re- 
mains still open ; and the idea we hâve of a species, a genus, 
in short, of any list of gênerai characters, never comprises, and 
can nevcr comprise, more tlian a limited fragment of their 
unlimited chain. 

Nevcrtheless, this addition of* ncw hnks is enough to tn- 
troduce considérable changes înto our idcas. As fumislied by 
common expérience, they were most frcquently too wide or 
too narrow ; scicntific expérience cornes în to contract or ex- 
tend them, to adjust their corrected dimensions to the real 
dimensions of objects — Whilst the examination is made 
roughly and only beara on the outer aspects of things, we 
unité, under a single name and idea, fîshcs strictly so called 
and the unicorn fîsh, the dolphin, the cachalot, the whale. 
Aftera more minute and penetrating examination, we find 
that this idea is too wide ; there is no type corresponding to 
it în nature; the organs of circulation and respiration, the 
skeleton and limbs, are not the same in fishes strictly 50 called 
and in the unicorn fish, cachalot, dolphin, and whale ; thèse 
last are mammals ; they must be taken from the class and 
set apart ; when this opération is accomplished, my idea, re- 
duced to proper lîmits, agrées with a natural group of charac- 
ters actually connected and always met with in conjunction, 
those of the fish. — My idea of the mammal is correspondingly 
enlarged ; it was too narrow as it only comprised terrestrîal 
animais with four legs, and gîving suck ; I hâve added to it 
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the cetacea, whîch swîm, and the cheîroptera, whîch fly ; 
henceforward, being enlarged and proportioned to the exten- 
sion of the type, it is applicable to ail the species which pré- 
sent the same group of characters, whatever be their differ 
ence of external appearance and habitation. 

So it is in ail the provinces of nature. As soon as pro 
found and prolonged analysis ascertains an îgnored and im- 
portant character in a species of objects, this species tends to 
leave its compartment and to enter another. It was neces- 
sary to burn the diamond to know that it was composed of 
Carbon : and it is merely within the last hundred years that 
the formation of chemistry has enabled the classification of 
inanimate bodies. — Thanks to thèse processcs, we hâve been 
enabled, in each department of nature, to place beîngs in 
more and more nearly natural classes, to arrange as in an 
army, under companies, battalions, régiments, and divisions, 
the enormous multitude of individuals, ail animal forms, ail 
vegetable forms, the hundred and twenty thousand species 
of plants, two hundred and sixty thousand species of animais, 
and, in the majority of cases, to détermine the real and con- 
stant type which constitutes each species, each genus, each 
family, each order, each sub-kingdom. — We hâve not invari- 
ably succeeded in this ; many of our divisions remain artifi- 
cial, and are convenient only ; others, provisional ones, await 
further researches to become définitive.* In mîneralogy, 
especially, there is as yet no real classification. — But for the 
majority of the species and gênera of animais and plants, for 
the vegetable families of jussieu, for the orders and three 
higher sub-kingdoms of Cuvier, the acquired gênerai idca 
corresponds with an actually gênerai thing, that is to say 
with a group of characters which involve or tend to involve 
one other, whatever be the individuals and circumstances 
under which one of them is given. 



* For instance, the sub-kingdom of zoophytes, the class of infnsoria and thaï 
of cntozoa. 
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IV. At présent, in addition to thèse gênerai characters, 
there are others still more gênerai, which appertaïn to th« 
eUments of thc classîfied individuals, and which, spread uni- 
versally undcr various disguisements, are, through their as- 
cendancy, the regulators of the rest. — Hence it follows that 
of ail gênerai îdeas, those corresponding to such character; 
are by far tlie most valuable. — We attain thèse characters, 
like the rest, by taking a gênerai type already known, and by 
gradually removing from it a number of accessory charactera 
so as to préserve only the most stable and most universal. — Tlie 
idca of the leaf in botany is of thîs kind,* It îs now known 
that the varions organs of a plant are nothïng more than 
transformcd leaves. Developed in spirals on the stem, they 
are drawn together at the summit in superposed horizontal 
verticils, whose various stages are the various parts of the 
flower. The impoverishment of the final végétation has 
drawn them together, and other circumstances hâve Consoli- 
dated and deformed them. Sometimes, one among them has 
become abortîve; sometimes, two or more of them bave bc- 
come monstrous. But the original type is manifested by fixed 
relations, by sudden reversions, by a thousand incontestible 
characteristics ; and the idea of the leaf, dïsengaged from ail 
sensible impressions, purified, drawn by energetic abstraction 
far away from common expérience, is nothing more than the 
almost geometrical idea of a cycle of vegetable éléments, 
which préserve theîr primordial order under ail imaginable 
forms and in ail imaginable functîons. — And so, in animais, 
through ail the diversities of structure and function, we find 
throughout the whole class of mammalia the same type of 
skeleton, throughout the whole class of cnistacea, as through- 
out the whole class of insects, the same type of segments, 
of mouth, and limbs; and this type is so tenacious that, in 
many species, we iînd, to évidence its présence, the subslst- 
ence or appearance of uselcss parts or dispositions ; a suture. 

• Auguste Sain l-II il aire. " Mon,ihologic v'jji'fak," pp. 10, et setj. 



I50 THE KNOWLEDGE OF GENERAL TfflNGS. IBookIV 

a set of teeth, a naîl, a bony excrescence, transient or rudî- 
mentary organs render it visible by presenting its transîtory 
mctr.t>nal or surviving remnant. 

Other still more gênerai characters or groups of charac- 
ters are met with under the name of chemical and physical 
properties of bodies, not only in the livîng, but also in the 
inorganic world. Hère again, the process which forms the 
corresponding idea îs the same. — Vulgar expérience has dîs- 
covered some property of a body — for instance, the power of 
amber to attract to it small and very light objects. Multi- 
plied and précise expérience multiplies and renders précise 
the circumstances and instances of this attraction. By de- 
grecs, we let slip thèse variable cnaracters to seize only on 
its fixed characters. Wc thus isolate a universal mode of 
action, that is, clectric action, one determinate, purified, ex- 
tended idea coincides with a force which opérâtes or may 
opcrate in ail bodies. — And so again, before the rescarches 
of the scientific men of the Renaissance, our idea of a heavy 
body was that of a body tending downwards, and impressing 
on us, whcn lifted, a sensation of muscular effort. In propor- 
tion to our discoveries this idea becomes more abstract. — In 
the first place, it is not necessary that such bodies should 
aflbrd a sensation of résistance to the hand lifting them ; for 
the air which sustains the mercury in the barometer is heavy. 
Further, it is not only in a downward direction that bodies 
fall ; for, the earth being round, thcy fall at the antipodes in 
a différent direction from what they do with us. Thus, ail 
within our atmosphère falls, and falls toward the centre of 
our planet. — But, for a body to fall, it is not necessary that 
ît should be comprised in our atmosphère ; of the two move- 
ments which make up the whole movement of the moon, one 
îs a fall towards us. — With two further steps, the purifica- 
tion of our idea is accomplished. It is not only bodies 
disposed about the earth which tend to fall to it : ail the 
bodies of our solar System tend to fall towards one another 
It is not only the huge heavenly masses which attract eacJi 
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other mutually; ail thelr molécules, the most distant and the 
most nearly approaching, attract eacli other mutually accord- 
ing to the samc law, in the direct ratio of their mass and the 
inverse ratio of the square of theîr distance. — Gravity, thus 
defined, is a character so persistent as to appear indestructi- 
ble ; each body préserves its own, always equal and intact, 
Ihrough ail the changes of state we can make it undergo, and 
in ail the chemical combinations into which it can possïbly 
enter. 

Such is the progress by which our gênerai ideas are formed ' 
and adjustcd to gênerai things. Thèse ideas poss through two 
States. First the idea rises with the sign ; then it is gradu 
ally rectihed. In fact, as we fînd it in current language, and 
as vulgar expérience furnishes it, it corresponds imperfectly to 
its object, — On the one hand, it is incomplète and vague ; in 
other words, the gênerai charactcrs which it dénotes are 
neîther précise enough nor numerous enough. By more at- 
tentive observation and more varied expérience, we détermine 
the asccrtained characters, and add on to them a row of new 
characters. — On the other hand ît is not sufficiently purified 
and abstract ; in other words, among the characters it de- 
notes, there are accessory and accidentai ones amalgamated 
with those which are important and fixed. By extcndcd ex- 
périence and multiplied comparison, we expel the parasitical 
and transient characters, so as to préserve those only which 
are intrinsic and stable. — Our îdea has become adaptcd to its \ 
object, first by addition, then by snbtracfiûn. 

§ II. — General Ideas which are Models. 

I. Another class of gênerai ideas présents other character 
istics and is formed by another process. Thèse are the ideas 
which compose arithmetic, geometry, mechanics, and in gên- 
erai, ail sciences treating, like mathematîcs, of the possible 
and not of the real. We form thèse ideas without examinîng 
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■whether there are in nature objects which correspond to them, 
and for this wc constmct them, 

Let us follow the détail of this construction, and see witli 
what éléments we fabricate thèse new ideas. — The most sim- 
ple of ail are those of arithmetic, which hâve numbers for theJr 
objects. Now we ail know that every number is formed by 
unity added to îtself ; it is the notion of unity, then, which 
we shall first examine. — It comprises nothing mysterious, and 
its origin has nothing strange in it. We are not dealingherc 
with the absolute and mctaphysical unity which consista in 
the property of being indivisible, or rather, without parts, and 
which wouid be possessed, for example, by one of Leîbnitz's 
monads. We deal simpty with an office which any object 
whatever may fuliîi, with the function it performs, with the 
part it ptays, in contributîng with othcrs like it to form a col- 
lection. It is in this aspect alone that we consider it ; there- 
fore, twenty heaps of stones by a roadside are, in this sensé, 
twenty units as much as twenty monads. The unity of each 
heap is nothing more than its aptitude forenterîngas a factor 
into the total of twenty heaps, and into any other analogous 
total, greater or smaJlcr. Consequently it is, like every ap- 
titude, property, and capacity, nothing more than a gênerai 
character of the object, and this charactcr may be disengaged. 
extracted, and set apart by ordinary processes, that is to say 
by means of a name, and, in gênerai, by means of a sign. — 
Moreover, there is no character more easy to set apart ; for 
ail objects and ail events présent it, since every object and 
every event contributes with other simllar ones toform a col- 
lection which is its class. The materials, then, from which the 
notion of unity may be extracted exists in superabundancL-, 
and the first step of arithmetic may be made in ail région:^. 

Let us, then, observe a séries of objects or events, taking 
tare to consider in each of them its capacity only to enter as 
a component in a collection. For this, let us purposely omit 
ail its other characters ; after this rctrenchment, a row oi 
poplars, a séries of sounds, any other séries or row, ceases te 
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be a row orpoplars, a séries of sounds, 3 séries or row crf de- 
terminate objcctsor events; ît îs nothing more than a sé- 
quence, row or séries of ones or units. Now în this point of 
vicw, ail ones are the same one, and ail séries of ones arc tlie 
same séries ; for the characters whîch dîstînguish îndividuals 
from one anothcr, and séries from one another, having been 
exduded, the individuals can no longer bc distinguished from 
one another, and the séries can no longer be distinguished from 
one another. Hère, then, we hâve an abstract séries com- 
posed of abstract unîts. — To observe this séries more conve. 
niently, nnen hâve substituted for it a sensible séries of very 
managcable objects, sometîmes of little pebbles, sometimes 
the ten Angers of the two hands.* Nothing is easier than to 
raise, successively, one by one, the fingers of the closed hand, 
or to lower, successively, one by one, the fingers of the open 
hand. — Nothing is easier than to add pcbbics, one by one, in 
such a way as to make a heap, or to take away pebbles, one 
by one, în such a way as to ucmake the heap. And as, by 
taking away or adding one or more pebbles, by raising or 
lowering one or more fingers, we can visibly alter the total of 
the collected pebbles or of the lifted fingers, it is easy, not 
only to fabricate in this way various visible totals, but also to 
observe witk oiir eyes how thèse totals are made and unmade.t 
We make them progressively, as to pebbles, by adding a peb- 
ble to the first pebble and so on, as to the fingers by raising a 
finger in addition to the first finger, and so on. We unmake 
them progressively, as to pebbles, by removing a first pebble 
and so on, as to the fingers by lowering a first finger and so 
on. — Thèse are the primitive substitutes; each finger or 
pebble visibly replaces an abstract unit : the différent groupa 

* Calculation il derived (rom eaJculm, ■ little pebble. The Romui nnin«Tali 
I, II, III, V, X, >re rude dnwingi representine one or Taxny flngen, one or both 
hMldi. — Out syïtem of Dumeiatîon by leni wis oiiginated by the Tact of our haV' 
ing len finger . 

t Sec ihe Teiyeleetnt and Teiy délicate ana^iu of thii mental proce» la 
CondilUc't * Lanene dei Calcnli.' 
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of visible fingers or pebbles replace the différent groupa of 
abstract units, and, in proportion as a visible finger or pebble 
is added to the group of visible fingers or pebbles, a pure unit 
is addcd to the group of pure units. 

At présent, in the place of thèse already convenient sub- 
stitutes, we substitute other still more manageable ones, the 
various sounds which constitute our names of number. For 
a lifted finger, we say one, for two fingers lifled, two, for 
three fingers lifted, three, and so on up to ten. In this way, 
the name one replaces a lifted finger, and therefore an abstract 
unit. So, again, each one of the followîng names replaces a 
group of lîfïed fingers, and therefore a group of abstract units. 
So, finally, when we pass from a name of number to the fol- 
lowîng name, a finger is lifted to add to the preceding group 
of lifted fingers, an abstract unit is added to the preceding 
group of abstract unïts, and the name of number expressed 
replaces the group of units which replaced the preceding one, 
togethcr with an additional unit. In other words, each name 
of number is équivalent to the group denoted by the preced- 
ing one, with the addition of one.* — So as not to encumber 
our memory, we rcduce thèse names to what is strictly neces- 
sary. When we get beyond ten, we say eleven, twelve.f 
thirteen4 and so on, till we get to nineteen. — After nineteen, 
as the following number is équivalent to twice ten, weil-con- 
structcd languages revcrt to the word two, modifyîng it suit- 
ably, and similarly modifyîng the names of the following num- 
bcrs, so as to make them express three tîmes ten, four times 
ten, and the séquence of décades up to ten times ten.§ The 



• As to ihe primitive meanini; of our nouns of number see Bopp, "Compara- 
tire Grammir" ftr. Breal) ii. ill. Tri (ihree) means "exceerting" — i.e., Ihe Iwo 
i frior numbctsj—] oar probablymeans, three //«r one; five,four/i(i( ore; ten, 
twice Ave. — A hiindred certûaly means, ten times ten. — A IhousanJ probable 
mcutia. many, a grest number. 

f In Latin, ondecim, duodecitD. 

t In Latin, tredecim. InGerman, zwCIf, dreizehn, derived from zwci, dreL 

9 In German, Zwanzig. In Latin, triginto, quadiaginla, quinquaginla, eli. 
In old French. septstnte, octante, m 
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décades thus form iinits of a second order, capable, like sim- 
ple units, of being counted up to ten. — Arrived here, we give 
their total the name of hundred, and this ncw total forms a 
unit of the third order, capable in its tum of being repeated 
up to ten hundred, or a thousand, a unit of the fourth order 
— The previous opération, repeated on thîs new unit, leads us 
up to ten thousand, thence to a hundred thousand, thence to 
a million, and so on, 50 that witb eleven names, arranged in a 
certain order, we can represent precisely an enormous group, 
such for instance as the collection of two million, three hundred 
and twcnty-seven thousand, six hundred and forty-eight units. 

An expression like this îs a very abbreviatory substitute ; 
for it may be pronounced in less than a second ; nothing 
shorter has been found in the matter of sounds. But, when 
written for the eyes, Jt occupies a Une and a half, and requires 
sixty-seven characters ; this is a great deal, and, în thîs re- 
spect, it may be improved. — For written names, we substitute 
more simple characters, which, înstead of replacing nouns of 
number directly, and numbers themselves indirectly, replace 
numbcrs directly. Thèse characters are called cîphers ; it is 
arranged that a cipher placed to the left of another dénotes 
units of an immediately higher order, that îs to say, ten timcs 
as grcat ; we compose a lïst of nine distinct cîphers to rep- 
resent the nine lîrst numbers; we add to thîs list a zéro to 
represent the absence of unity or number, and then, înstead 
of sixty-seven characters, we need employ seven only to rep- 
resent a collection of 2,327,648 units. 

Thanks to thèse abbreviatory notations, we construct a 
prodîgîous quantîty of compounds which are numbers. For 
this, it is enough to arrange the cîphers or to uttcr the 
names, recoUecting the meanîngs which our convention has 
imposcd on them. — Let us now observe the characters of 
the îdea so constructed. VVhcn we read and understand one 
of thèse groups of signs, for instance, 2,327,648, we do not 
consîdcr whether nature furnîshes an object corresponding 
to our idea. Is there anywhere a group of real units to 
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which this collection of mental unîts is, feature for feature, 
adapted ? This is a question we set asîde ; we pay no heed 
to it ; our idea has been constructed for its own sake. — And 
yet tliere îs a possibility of this mental construction coincidîng 
with some rcal construction. For to the éléments of which 
niy idea is constructed, there correspond éléments included 
in things. In fact, what I call unity, is the aptitude to enter 
into a collection. Now there is no natural indtvidual or actual 
event which may not so enter; whether it be a body or a 
mind, an cxtcrnal or internai modification, as soon as we 
perçoive a fact or thing, we put ît in its class, that is to say 
with others similar to it ; moreover, as soon as the object is 
conccived by us, it spontaneously calls up in us, without our 
desiring it, and solely by the law of association of ideas, other 
more or less similar objects. Together they form a group of 
more or less similar data, each of them having the character 
of being a distinct datum among many other analogous ones. 
In this manner, and in this narrow sensé, it is a unit among 
many other units. — There are, then, collections of units in 
nature, as there are collections of unîts in the mind. In fact, 
there are a certain number of planets about the sun. There 
are, at this moment, a certain number of men, animais, and 
plants, living on the earth. During this year, the earth or 
any other planet, has advanced a certain number of kilomètres 
in ils orbît. During this year, a certain number ofpersons 
hâve died in France. Whilst my mînd performs its additions 
and subtractions, nature performs hers. I fabricate in ad- 
vancc a long séries of distinct moulds, arranged according to 
their incrcasing dimensions ; nature fabricates, or has fabrica- 
led with her varîous clays ail that îs required to fill them; 
and the thing contained is adjusted to what contains it, 
iirst, because the mental éléments of the onc were fashioned 
upon the real éléments of the other, next, because the arti- 
ficial structure of the containing thing happens to correspond 
with the natural structure of the thing contained. 

II. This is the character common to ail the ideas we 
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constnict; they ne preliminary outlines ; when we form one 
of them, we hâve no real thing in vîew to whîch we attempt 
to make our thought conform ; and nevertheless, our thought 
is found to conform to one or more real things as yet unknown, 
which, when known, will manifcst this conformity. 

Not that the adaptation is always exact; there are cases 
in whîch it is approximate only. Ofthiskindaregeometrical 
ideas. Lct us first scarch for the éléments with which we 
construct them ; we ail know that they are few in number, 
and we readily see from what expériences we extract them. 
— Take any body observed by the sensés, this stone, this 
pièce of wood. It has, as limit, one or more outer parts 
cnclosing its inner part ; and thèse outer parts by which it 
terminâtes are its surfaces. But each of thèse surfaces Js 
itself terminated by one or more limîts which are called lines, 
and each of thèse lines is itself terminated by two limits which 
are called points. — 5o far there is no diflîculty ; each of thèse 
limits, surface. Une, or point is a character of the body, a 
character tsolatcd by abstraction, considered apart, and, more- 
ever, gênerai, that is to say common to many bodies, or 
rather, universal, that is to say common to ail bodies. We 
detach this character and dénote it by means of symbols, 
which are sometimcs the names of surface, lîne, and point, 
sometimes a class of sensible objects, very manageable, and 
selected to take the place of ail the rest, the real surface of a 
black board or white paper, the slender trace left on the 
paper or board by a stroke of ink or chalk, the little dot lefl by 
the momentary touch of the pen or chalk. — The dot being very 
small we are disposed to pay no attention to its length and 
breadth, though real ; by this omission we involuntarily make 
abstraction of them, and hâve no difficulty in treating the 
dot as a point. — The trace being very thin, we are not dis- 
posed to trouble ourselves about its breadth, though real; 
by this omission we eut Et away, and corne, without difficulty, 
to consider the stroke as a Une. — The board and the paper 
being very flat, and level to the eye and hand, we expérience 
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no sensation torcmind us of theîrthJckness; by this omisûoo 
we suppress it, and are led to considcr the board and paper 
as true surfaces. — In this way the board, the narrow stroke, 
the littlc spot of chalk, become conve nient substitutes. They 
are sensible and spécial things, but they replace wholly 
abstract and gênerai limita, in the same way as, just now, in 
arithmetic, pebbles and fingers replaced pure units. 

To thèse éléments so represented, add another movement ; 
it is also met with in the majority of bodies we perceive ; we 
are, then, capable of detaching it from them. When once 
thèse data are extracted, it is suffîcient to combine them in 
différent ways to obtaîn ail geometrical compounds. In ad- 
dition to this, by a still further réduction, we find that the 
point and movement are sufficient éléments forthe reconstruc- 
tion of the two other kinds of limits which we hâve termed 
the line and surface, and further, of the solid body, from 
which we hâve drawn, with the ideas of surface and line, those 
of point and movement. — In Tact, imagine a point, that is to 
say the limit of a line, and assume that it moves ; the con- 
tinuous séries of positions it occupies forms a line. Assume 
this line to move ; the continuons séries of the positions ît 
occupies forms a surface. Assume this surface to move ; the 
continuous séries of the positions it occupies forms a solîd 
body, al leasl, in a geometrical point of vino. And the substi- 
tutes we hâve adopted for the point, line, and surface, render 
this construction sensible to us. By prolonging this lîttle dot 
of chalk, we see a slender trace produced. By causing this 
whole trace to move in a mass, we see a greatcr or lesssurface 
produced. By mentally causing the surface of the board to 
recède, we see the whole solid board produced. — From this 
gênerai construction, let us pass to spécial ones. Let tnere 
be two points ; ïf the fîrst moves towards the second, and 
towards the second only, the Une it describes is straight. — If, 
during an appréciable fragment of its movement, it moves 
towards the second point, and then, during other equally ap- 
préciable fractions, towards a third, a fourth, etc., the line ît 
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describes is broken, or composed of distinct straightiines. — If 
at each instant of its movement it moves towards a différent 
point, the line it descrîbes is curved. Such are the différent 
species of Unes. — Next, if two straight lînes start from the 
same point, and n:iove, each towards a différent point, they di- 
verge from one another, and this greater or less divergence ïs 
callcd an angle. If the two angles which the second line 
makes to left and right with the first are equal, they are called 
right angles, and we say that the second line is perpendicular 
to the first. Such arc angles. — With straight Unes cutting 
each other in pairs, and forming certain angles, we construct 
ail triangles, ail qu ad ri latéral s, and gencrally, ail polygons. — ' 
If we submit a curve to the condition of having ail its points 
at an equal distance from some other anterior point, we hâve 
circumference. — " The plane surface, or plane, is generated by 
a straight line perpendicular to another, and turnJng about it 
while always passing through some one point in it."* With 
planes termtnated by certain polygons and forming certain 
angles by their mutual inclination, we construct ail polyhedra. 
— B; the révolution of the semicircle about its diameter, of 
the rectangle about one of its sîdes, of the right angled tri> 
angle about one of the sides containing the right ^ngle, we 
form the sphère, the cylinder, the cône ; by sections of the 
cône, we form the ellipse, parabola, and hyperbola ; by vari- 
ous combinations of the primitive éléments, and çf thèse first 
compounds, we form ail possible species of Unes, surfaces, and 
solids, sometimes so complcx that imagination cannot form 
them, and that, if nature or art were to furnish instances of 
them, the most attentive eye could not contrive precisely to 
distinguish alt-their characters. 

Are there in nature physical constructions conforming to 
thèse mental constructions ? — And first, are there in nature 
surfaces, lines and points? Yes, certainly, at least as far as 
our sensés are concemed ; for, to our sensés, a body has sur- 

* Dobamal, ' De la HéAod» diei le* wieDcei de MÛonncraent," V» pwtie, X*. 
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faces vvhich are the limits in whïch it appears to be contained, 
a surface has its lines which are the lïmits by which it seema 
cîrcumscribed, a Une has its points which are the limits by 
which it seems to be terminated, or by which we may inter- 
rupt it. — Are there in nature surfaces, lines, and points whïch 
move? Yes, since bodies move and their limits accompany 
them in theîr movement. — Next, are thcre in nature points, 
lines, and surfaces, which, in their motions and combinations, 
rigorously conform to the conditions enunciated in our con- 
structions? In other words, are there perfcct straight lincs, 
right angles, squares, circles, planes, polyhedra, round bodies ? 
— As far as we can judge, nature does not furnish us with 
such. When we arm our eye with a powerful microscope, we 
find inflections in what seem the stralghtest lincs, roughness 
in the smoothcst planes, irregularitics in the most regular 
forms, A cannon-ball appcars to advance in a straight Une ; 
theory shows us that it begins to fall the moment it leaves the 
cannon. The planets seem to describe an ellipse ; observa- 
tion and the calculatîons of their perturbations prove that this 
ellipse is not exact,-— In short, when we compare the work of 
nature and the work of the mind, we prove that their conform- 
ity is not entire ; the first approximates to the second ; that 
îs ail. Usually, this coïncidence is remote crough, but, even 
in the most favorable instances, it fails in some point ; we 
might say that the real substance attempts to mould itself on 
the mental form, but that the imperfection of its material hin- 
ders it from copyîng rigorously the prescribcd shape. 

There is a reason for this impotence ; and, if we take 
cases whosc theory is constructed, we are able to expiain it. 
The cannon-ball would advance continuously in a straight 
Une, if gravity did not cause it to descend towards the ground. 
The planet woitld describe a perfect ellipse, if the variable 
proximity of the other planetary bodies did not intervene to 
altcr the regularity of its curve. If the bail déviâtes from its 
straight line and the planet from its ellipse, it is through 
other perturbing directions beîng added to the simple direc- 
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tion followed by the bail, to the two simple directions accord» 
ing to which the planet travels. Consequently, if the real ton- 
stniction is but approximately adjusted to the mental con> 
struction, it is owing to the first being more complex and the 
second simplet. Disencumbered of its accessory éléments, 
nd rtduced to its principal éléments, the first would prc- 
ç\%z\y copy the second ; and in fact, ït does approximate to 
it in proportion as îts ulterior or accessory éléments become 
feeblc, and leave greater ascendancy to îts primitive or prîn- 
cipal élément. — Thus, in geometry, as just now in arithmetic, 
our prcliminary outlines hâve a function and a value. Though 
conntructed on their own accounts, they hâve a relation with 
things. In a certain sensé they are exact, and, with a com- 
plementary opération, they may become so. The divei^cnce 
we observe bctwcen them and the facts may disappear, and 
does in fact disappear in two ways. — We hâve scen ît disap- 
pear by an abstraction, that ïs to say by the mental omission 
of certain éléments of the facts ; in this way, the rcduced 
facts arc adjusted to the outlines. — It may also disappear by 
an inverse process, that is to say by the introduction into the 
outlines of the éléments omitted in their preliminary con- 
struction ; to the considération of the principal or primitive 
directions, we add those of the perturbing directions, whether 
ulterior or accessory, and, in this way, the compUted outlines 
will be adjusted to the facts. 

m. Other éléments, fashioned like the precedîng ones on 
the gênerai characters of natural objects, combine with the 
prcccding ones to form new outlines. We may consider 
movement, not only as having the effect of describing a line, 
but in itself. Daily, beneath our eyes, a prodigious quantity 
of bodies are at rest or in motion, so that in this point of 
view expérience fumishes us with ail the materials necessary 
to enable us to isolate the two elementary ideas of rest and 
motion. 

Take a body in motion ; it passes from one point to an* 
ether whîle describing a line ; we hâve many occasions of ol> 
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serviiig that, according to circumstances, this same line is de- 
scribed in more or less time, and we thence draw a new ele- 
mcntary idea, that of vtlocity. — Take a body passing from 
rest to motion ; in the majority of cases, we discover that 
somcthing bas been altered in it or in its surroundings, and 
after a certain number of expériences we ascertaîn, or belîeve 
that we ascertain, that this internai or extcmal altération is 
always followed by the movemcnt of the body. Whatever 
be this condition of motion, the import of another body, the 
attraction of a magnet, electric répulsion, whether it appear 
to réside în the moved body or in another, is of no impor- 
tance ; we call it force, without forming any prevîous conclu- 
sion a» to its nature, and we mean nothing more by this name 
than a condition whose présence is suffîcient to excite the 
motion, a condition which is met with in an infinité number 
of various circumstances, and which, whcn detached and iso- 
lated by a mental fiction, thus becomes wholly gênerai and 
abstract. In this state of purity, it is defined oniy by its re- 
lation with the movement it excites. Therefore, if în the 
movement it excites we find a character susceptible of magni- 
tude, the force will be susceptible of magnitude; now, we 
hâve just scen that this character is velocity. In this man- 
ner, we speak of a force as double or triple another; and we 
thereby mean nothing more than a condition whose prés- 
ence is enough to excite in the same body, surrounded by 
the same circumstances, a movement, twice, thrice, four, etc., 
times as rapid as the first. 

When this is scttled, we can take a step in advance. 
Among the bodies we examine, there are some which appear 
to us homogeneous, that is to say composed of particies ail 
of which are perfectiy similar, except in the différence of their 
position in the body; such, for instance, is a measure of pure 
water, a pièce of refined gold. From this indication of ex- 
périence, we hâve no difficulty in conceiving an absolutely 
homogeneous movable body, analogous to a pure geometrical 
solid, divisible therefore into two halves, each composed of 
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tbe same number of exactly similar particles. Kow, take a 
force which impresses a certain velocity on the block formed 
by the half of thèse particles ; as, by définition, thèse two 
halves are absolutely similar and may be substituted without 
inconvenience for one another, it will require a force abso- 
lutely similar and capable of being substituted wîtiiout incon- 
venience for the other, that is to say, in short, an equal force, 
to impress the same velocity on the block formed by the 
other half, consequently two forces, cach cqual to the first, 
that is to say a double force, to impres» the same velocity 
on the block formed by the two halves. Thus arises our last 
elementary notion, that of mass, which îs found to be a quan- 
tity like velocity, and henceforward, we measure force in two 
ways, either by the magnitude of the mass on which ït im- 
presses a certain velocity, or by the velocity which it im- 
presses on a certain mass. With thèse cléments, denoted by 
means of Unes, ciphers, and words, we are able to construct 
an infinité number of différent mental compounds, to conceive, 
first, a movable body at rest, or to which no force is applied, 
then, a movable body at rest to which a force is applied, thcn, 
by a further complication, to imagine a movable body to 
which are applied two or more equal or unjqual forces, whîch 
impel it in the same line, in the same or in contrary direc- 
tions, or which impel it in différent hnes, etc. By this opéra- 
tion, the science of mechanics acquires similar outlines to 
those of geometry, and the facts conform to the outlines in 
the first case in the same manner and in the same degree as 
in the second. 

One of the most simple of thèse intellectual combina- 
tions îs that of a movable body at rest and remaining at rest 
for an indefinite period ; for, in this case, there is no idea of 
a new state introduced. — Another, which is fellow to it, and 
almost equally simple, îs that of a body in motion which 
moves on in a straight line with uniform velocity, and that in- 
definitely; for, to form this conception, requires a minimum 
nf mental éléments. In the first place, there is no simplet 
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line than the straight line, since, when the starting point la 
given, ail required to détermine it is a single second point» 
whilst for every other line, broken or curved, many or an in- 
finité number of such points are required. Secondly, ît is 
more simple for velocity once given to subsist invariably with 
the same magnitude ; for in this way, no new magnitude is 
introduced. Lastly, it is more simple for the movement, 
once given, to subsist indefinitely ; for in this way, no new 
state is introduced. 

Now it is an admirable thing that the bodies of nature, 
however différent they may be, however différent may be the 
real forces by which they are set in motion, or the real circum- 
stances in which they happen to be at rest, ail tend to con- 
form to this double conception, We assure ourselves of this 
y expérience ; real matter is inert, and indiffèrent to rest or 
motion. In order for a body at rest to move, the interven- 
tion of a force is required ; if this intervention is wanting, it 
remains indefinitely at rest, and its tendency to persist in its 
state is so thoroughly inhérent to ail its particles, that, accord- 
ing to the magnitude of its mass, it requires a force of corres- 
ponding magnitude to impress on it the same velocity. — On 
the other hand, in order that a body in motion may stop, or 
change its velocity, or deviate from a straight line, there is 
also required the intervention of another force. This stone 
which I cast in the air, this bail driven from the cannon by 
the explosion of powder, would continue their route indefi- 
nitely, the one towards the stars, the other along a tangent to 
the earth, in a straight line, with the initial velocity, if gravity 
and the résistance of the air did not intervene to bend the 
straight line, to diminish the velocity, and finally, to arrest 
the movement. As far as we can judge by observation, there 
is no particle of matter, at rest or in motion, which, taken by 
itself and with the abstraction of ail perturbing solicitations, 
does not conform itself to this conception. 

Let us now introduce a new condition, the simplest we 
can, into our mental comppund ; let us suppose the initial 
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force, instead of acting at the first instant only, to continue 
to act during the whole duration of the movement, and 
consequently the velocîty of the movement to increase unî- 
l'ormly. By a coïncidence almost as beautifui as the preced- 
in^ one, we find tliat this kind of motion is that of ail faliing 
bodies.* — Lastly, let us imagine a body, subject to this Icind 
nf motion, and to uniform rectilinear motion besidcs. The 
coincidence is no le«s surprising ; to our intellectuel construc- 
tion corresponds a real movement, similarly composed in ail 
respects, with respect to the curve traced, with respect to the 
altcrnately increasing and decreasing velocities, that of tlie 
plancts about the sun. Thus ît is that the mathematician 
prépares beforehand moulds which the physicist will subse- 
qucntly proceed to fil!. — There are three conditions requisite 
for thèse moulds to hâve a chance of agreeing with things. 
It is first necessary for the mental éléments with which they 
are fabricated to be traced in exact accordance with the clé- 
ments of real things; for then the éléments of our mould 
will befound in nature. — It is then necessary for them to be 
very gênerai, and, if possible, universal, for the more gênerai 
they are, the more considérable will be the number of indi- 
•yiduals or instances in which they will be found, and if uni- 
versal, they will be found in ail. — Lastly, it is necessary for 
the combinations we give them to be as simple as possible; 
for there is the more chance of our finding them in nature, 
since a minimum of éléments and conditions is then suHicient 
for their production. 



• " • \Vlien a stone Wl«.' s«)r» Gdileo, ' if we consider the matter Mteniively, 
B-c shall find ihM Ihere is no addition, no incmse, of the Tdocity more simpl* 
than (hat which ii alvrijn ulded in the taxât, nuoner,' that is, when eqnal addi- 
tions talte place in equal timra. From this lair, thnt assamed, he dcduced that 
the spaces de&cnbed from the bcginning of the motion mnst be as the square; of 
the timcs ; and again, assiuninc Ihat the taws of descent forballs rolling dovmin* 
clined planes, musl be ihe same as for bodics faliing freetjp, he verified this con 
clnïion bjr experimenl." — Wheweira " Histoij of tbe IndnctiTe Sciences,' iL 30, 
dtîneGtlilea, ' DiaL Se' i*. p. gl. 
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I V. It will be understood that this process may be applicd 
to ail classes of objccts, since, in ail classes of objects,we meet 
and isolate général characters capable of being combîned wlth 
one another. In fact, we suppose perfect solids, that is to say 
bodies absolutely rigid, and such that, ail their parts being în- 
dissolublyconnected, one partîcle cannotbedisplacedwithout 
displacing ail the rest, in such a way that the reciproca! posU 
tîon of their particles is never altered in any way. And so, we 
assume the existence of perfect or absolutely fluîd Uquîds, 
such that no one of their particles has the least adhérence to 
the adjacent ones, and that ail can move with perfect treedom 
about one another. So lînally, we conceîve water or oxygcn 
as absolutely pure, platina or lead as free from ail alloy, wJth- 
out being sure that nature ever furnishes, or art has ever ob- 
tained, objects such as we conceive. — Among mental types so 
constructed, there are some which are more particularly inter- 
estingtous; they are those to which we désire that things 
should conform, and in this case the need of conformity bc- 
comes for us a spring of action We construct the Useful, 
the Beautiful, and the Good, and we soact as to approximate 
things, as far as possible, to thèse constructions, — For instance, 
when wefindrough unhewnscattered stones, we imagine them 
hewn, transported, and piled up, in the spot in which wewish 
to live, and, in conformity with the idea of the wall so con- 
structed, we actually construct the real wall which is to shel- 
tcr us from the weather. — Wesurvey the menwho live around 
us, we are struck with a certain gênerai form appropriate to 
them; we observe, sometimes in one, and sometimes in ano- 
ther, higher degrees of the external signs of some quality or 
disposition bénéficiai to the individual or the race, agility, 
vigor, health, sagacity, or energy ;* we graduallycollect thèse 
différent signs; we take pleasure in contemplating a human 
form in which the characters we consider most important and 

* I hav« worlced ont thii anilTsii in détail in " La Philosophie de l'Ait," «oA 
Ib " L'IdËil dans l'Ait." 
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most valuable arc manifestcd by a deepcr and more universal 
print, and if an artist bc found in whom this group of conceîved 
conditions results in an express image, a sensible représenta- 
tion, an internai half-sight, he takcs a block of marble and 
hews out the idéal fonn which Nature has not been able to 
display to us. — Fînally, when we survey the différent motives 
which impel men to wil), we observe that the individual acts 
most frequently with a view to his personal benefit, that is to 
say through înterest, often with a view to the benefit of 
another person whom he loves, that is to say, through sympa- 
thy, very rarely with a view to the gênerai good, with complète 
abstraction of his interests or of his sympathies, with no more 
regard to himself or his friends than for any other individual, 
without any other intention than that of being useful to the 
community présent or future, of ail sentient and intelligent 
beings. We separate this last motive, we désire that it should 
hâve an ascendancy in ail human délibération, we praise it 
loudly, we inculcate it on others, we sometimes strive to give 
it the empire over ourselves. We hâve thus constructed the 
îdca of a certain moral character, and, in fact, on occasion, at 
a considérable distance, we adapt our actual character to this 
model, — Thus arise works of industry, art, and vîrtuc, with 
the objcct of filling or diminishing the interval which séparâtes 
Dur conceptions from things. 



CHAPTER II. 

THE COUPLES OF GENERAL CHARACTERS AND GENERAI. 
PROPOSITIONS. 

I. HiTHERTO, in gênerai ideas, we hâve studied only the 
gênerai ideas themselves and the manncr m whîch they are 
formed, sometïmes by extraction, sometîmes by construction, 
sometimes when, after detecting a common character in 
many sîmilar facts or îndividuals, we hâve conceived it apart 
by means of a sîgn, and hâve, by a séries of additions and 
rectifications, causcd the compréhension and extension of 
our idea to coincide with the compréhension and extension 
of the character it dénotes ; sometimes when, after distîn- 
guishing and conceiving apart certain very simple gênerai 
characters, we hâve combined ideas thus acquired so as to 
form of them mental compounds, which are preliminary 
moulds to which the real compounds hâve a possibility of 
being found to conform, or preliminary models to which we 
désire to make the real compounds conform. — A second in- 
vestigation remains to be effected. In nature, gênerai charac- 
ters are not detached from one another; whatever be the 
character we hâve noted, we never fail to find it connected 
with some other. In fact, the one involves the other, or at 
least tends to involve it. Sometimes it is the fîrst which in- 
volves the second, sometimes the second which involves the 
first, sometîmes each of them involves the other. In ail 
thèse cases, the two characters form a couple, and this couple 
- is termed a law. To conceive a law, is to connect together 
two gênerai ideas, in other words, to form a gênerai judg- 
ment, in other words agaîn, to mentally enounce a gênerai 
proposition. We shall now examine how it is we arrive at 
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Connecting thèse ideas, at forming thèse judgments, at mcn- 
tally enouncing thèse propositions. 

II. Lct us fîrst consider tliese couples or liws in them 
selves. Every pièce of iron exposed to damp becomes 
rusted. Every crystal capable of scratching any other body 
whatevcr ia a diamond, that îs to say a crystal of pure car- 
bon. Ail bodies immersed in a liquid lose a portion of their 
wcight equal to the weight of the liquid they displace. In 
every polygon, the sum of the internai angles togethcr with 
four right angles is cqual to twîce as many right angles as 
the figure has sides, — Hère are laws; each of them consists 
in a couple of gênerai and abstract characters which are con- 
nccted. On the one hand, the property of being iron and of 
being exposed to damp, on the other, the formation of the 
chemical compound tcrmed rust; on the one hand, extrême 
hardness, and on the other, the property of being a crystal 
of pure Carbon ; on the one hand, the amount of weight lost 
by the immersed body, and on the other, the equal quantity 
of the weight of the displaced liquid; on the one hand, the 
Rum of the internai angles of the polygon together with four 
right angles, on the other hand, the equal sum of twîce as 
many right angles as the figure has sides: it is évident that 
ail thèse data are gênerai characters, that is to say characters 
common to an indemnité number of individuals or cases : 
that ail thèse data are abstract characters, that is to say ex- 
tracts considered apart; that ail thèse data are connected 
characters, that is to say such that, the first being given, the 
second îs aiso given. — There is nothing more advantageous 
to the human mind than this structure of things ; we discern 
at once that our chief attempt must be to discover connec- 
tions similar to the foregoing ones; for there is no better 
means of extending and încreasing our knowledge. When 
once the law is discovered, the first character becomes the 
indication of the second ; in future it wiil be sufficient for us 
to asccrtain the présence of the first ; we may then, blindfold 
vid without inquiry, assert the présence of the second. In 
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fact, at présent, it îs suRîcient for us to know that thts pièce 
of métal is iron, and exposed to damp from water, steam, ol 
fog, to foresee that, in some hours or days, it wîll be covcred 
with nist. It is suf.^cient for us to coJIect the water which 
has run from the full vessel and to weigh it, to know before- 
hand the weight lost by the îmmersed body. It is sufificient 
for us to count the sides of the polygon, to take two from 
their number, and multiply the remaindcr by two, to know 
beforehand the number of right angles contained by the 
polygon. It is sufïicient for us to observe that a given crys- 
tal scratches the hardest bodîes, to enable us to déclare that 
when burnt tt will fumish carbonic acid. — Owing to thèse 
establishcd connections, an anatomist who opcns a human 
body, is able to describe beforehand the color, form, struc- 
ture, and disposition of the nervous cells and arterial net- 
work which his microscope wîll show in a particularpart of 
a particular organ. Owing to thèse established connections, 
an astronomer is able to predict the duration, time, and mag- 
nitude of thç éclipse, which, a century hence, will hide the 
sun from the inhabitants of some particular country. 

Thèse very valuable connections are of many kinds. — 
Sometimes the two connected charactcrs are simultaneous. 
Two cases then présent themselves. — £ither the first charac- 
ter may involve by its présence the présence of the second 
without the présence of the second involving that of the first. 
Thus, when the sum of the digits of a number is divisible by 
nine, the number itself Js divisible by three, but the converse 
is not tnie ; when an animal has mamms, ït has vertebne, 
but the converse is not true. In this case, the tink joining 
the two characters is unilatéral or simple. — Or again, the first 
cliaracter may involve by its présence the présence of the sec- 
ond, and the présence of the second may involve în its turn 
the présence of the first. Thus, in evcry polygon, three 
sides are always accompanied by a number of angles equal to 
two right angles, and conversely ; in every mammal, incisot 
teeth invartably accompany a short digestive tube and car 
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nivorous instincts, and conversely. In this case, the link joïn* 
ing the two characters îs bilatéral and double. — Sometimca, 
of the two connccted characters, one termcd the antécédent 
précèdes, and one termed the conséquent _/i'//oïi'J/ the first îs 
thon termed the cause of the second, and the second the effect 
of the first. Then again two cases présent themselves. — 
Either the first character may excite by îts présence the ex- 
istence of the second, and the second, in its turn, may re- 
quire, for its production, the preliminary présence of the first. 
Thus, every movable body to which are applied two diver- 
gent forces of which one is continuous will descrtbe a curve ; 
and a movable body in order to describe a curve requires 
the prcvious application of two divergent forces of which one 
is continuous. In this case, the link joining the two charac- 
ters is bilatéral or double. — Or agaîn, the first may excite by 
îts présence the existence of the second, without the second 
rcquiring for its production the previous présence of the first. 
Thus, every séries of vibrations of certain velocity transmît- 
ted to the audîtory nerve by the surrounding médium excites 
in us the sensation of sound ; but this sensation may arise 
spontancously in our sensory centres, without the previous 
vibration of an extemal body or a surrounding médium. In 
this, which is the most usual case, the link of the two charac- 
ters is uni latéra l or simple ; it is the most important case and 
the one which we shall examine with most attention ; wc can 
reduce the others to it, and we usually express ît by sayîng 
that the cause produces the effect. 

III. It now remaîns to be scen in_what the connection of 
the twoxfaaFacters consists. Is there any virtue or secret rea- 
son which is résident în the one and învolves or evokes the 
other ? This question wc reserve ; we shall discuss it later on. 
At présent, the words connection, link, implication, excite- 
ment, requirement are nothing more than abbreviatory meta- 
phors. When we say that the antécédent gives rise to the 
conséquent, we are not thinking of the mysterious link by 
which metaphysicians connect cause and effect, nor of the in- 
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timate and [ncorporal force which certain philosophers insert 
between the thîng producîng and the product. " The onlj 
notion," says Mill, "of which induction has need, may be at 
taîned by expérience. We learn by expérience that there is 
in nature an invariable order of succession, and that each fact 
is ahvays preceded by another fact. We .caH—tlte-imtariable 
antécédent, cause, and the invariable conséquent, effect." No 
othcr foundation underlies thcse two words. We wish sim- 
ply to say that, at every time and place, the application of 
heat will be followed by the dilatation of bodïes, that at every 
time and place, the vibration of the external body transmitted 
by the surroundinf; médium to the healthy auditory nerve 
will be followed by the sensation of sound. " The real cause 
is the séries of conditions — the whole of the antécédents wlth- 

out which the effect would not arrive Thcre is no 

scicntific foundation for dîstinguishing between the cause of 
a phenomenon and the conditions of its happening .... The 
distinction drawn between the patient and the agent is purely 
verbal .... The cause is the sum of négative and positive 
conditions taken together; the whole of the circumstanccs 
and contingencics of every kind, which, once given, are inva- 
riably followed by the conséquence." Philosophers are mis- 
taken when they think that they discover in our will a différ- 
ent type of causation, and assert that we there see efficient 
force in act and exercise. Nothing of the sort is to be found 
there; but there as cisewhere, we find constant successions 
only. We do not find fact invariably engendering fact, but 
fact invariably accompanying fact. To quote Mill again: 
" Our will produces our bodily actions, as cold produces ice, 
or as a spark produces an explosion of gunpowdcr," Iherc, 
as elsewhere, we find an antécédent — the resolution which is 
a momentary character of our mind, and, there as elsewhere, 
a conséquent — the muscular contraction which is a moment- 
ary character of one or more of our organs; expérience con- 
necls them and enables us to foresee that the contraction will 
follow the resolution, just as it enables us to foresee that thi* 
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explosion of gutipowder wtll follow the contact of the spark. 
— More precisely still and whatcver be the two characters, 
simultaneous or successive, momentary or permanent, the lînk 
by which the first involves, excites, or supposes the second as 
its contemporary, conséquent, or antécédent, is nothîng more 
than a peculiarity of the first considcrcd alone and apart, 
This means that the one possesses, in itsclf, the property of 
being accompanied, followed, or preceded by the other ; that 
is ail. In othcr words, it is suffîcient for the one to cxist for 
the other to be its companion, precursor, or successor. As 
soon as the one is given, no other condition is required ; the 
circumstanccs may be of any kind ; ît docs not matter, 
Whether it be given in a particular individiial with a particu- 
lar group of other characters, at a particular time or place, is 
a matter of indifférence ; the property it possesses docs not 
dépend on ci rcu m stances, nor on the indivîdual, nor on th<t 
surrounding group of othcr characters, nor on the place, nor 
on the time ; taken apart and in itself, isolated by abstraction, 
extracted from the various média in which we meet with it, 
it possesses this property. This is why, into whatever mé- 
dium we transfer it, it préserves this property. If it possesses 
this property at every time and place, this is because it pos- 
sesses the property of itsclf and by itsclf alone ; if it possesses 
this property wîthout exception, this is because it possesses 
the property without condition. If ail triangles enclose angles 
together cqual to two right angles, it is because the abstract 
triangle has the property of enclosîng angles together equal to 
two right angles. If every pièce of iron cxposed to damp be- 
comes rusted, it is because iron taken apart, in itself, and sub- 
mittcd to damp taken apart, and in itself, possesses the prop- 
erty of becoming rusted. If the law is universal, it is from its 
being abstract. — Thcre is nothing surprising in this constitu- 
tion of things. It is no more strange to find companions, pre- 
cursors, and successors in the case of a gênerai character than 
in that of a particular individual or a momentary event. No 
doubt in the infinité dispersion and remcdiless fiow of being, 
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thèse sorts of characters are the only éléments which are ^ev- 
erywhere the same and whîch always arîse the same : but they 
do not exist outside individuals and events, as Plato taught» 
nor în a world other than our own ; for they are the charac- 
ters of the events and individuals which compose our world. 
They are, like individuals and events, forms of existence, and 
differ only from individuals and events by being more stable 
and more widely spread forms. For this reason, we must ex- 
pect to discover that they too hâve accompaniments, précé- 
dents, séquences, peculiarities, personal properties, and, to 
succeed in this, we hâve only to observe them apart. 

It is precisely in this that the difficulty lies. For how are 
we to observe apart a character which, being an extract, is 
only met with and can only be met with in a particular case 
or individual, that is to say in company with other charac- 
ters? How can we contrive to study in nature iron in itself 
exposed to damp in gênerai, and to ascertain that, in this 
State of abstraction, it has rust in gênerai as a conséquence ? 
How can we contrive to detect the abstract triangle which îs 
neither scalene, nor isosceles, nor right angled, to measure 
its abstract angles which are neither equal nor unequal, and 
to prove that, in this strange state, theîr sum is equal to two 
right angles? — From the question thus presented, an answer 
follows. Whcn once the obstacle is clearly detcrmîned, we 
are usually able, if not to suppress it, at least to évade it. 
Two artifices of method lead us to our end. We hâve dis- 
tinguishcd tw p kin ds of gênerai characters. The first are 
real, and the gênerai ideas whiich correspond to them, for 
instance, those of iron, of damp, and of rust, being formed by 
extraction, become by degrees adjusted to them ; they are the 
object of the expérimental sciences; and their connections 
are dîscovered by the inductive road. The second are pos- 
sible only, and the gênerai ideas which correspond to them, for 
instance, those of the triangle, the angle, parallel lines, being 
formed by combination, are outlînes only, to which certain 
real things hâve a possibility of being adjusted ; they are the 
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object of the constructîve sciences, and their connections are 
discovered by the deduclive road. — Let us follow thèse roadii 
in turn, and attempt to observe the successive stages of the 
mînd in traversing them. 

% \. Laws concerning Real Things. 

I. Hcre, in the first road, our starting point is the already 
explatned acquisition of gênerai ideas. In fact, the child of 
fîfteen months old, who already repeats and applies certain 
gênerai names, haa but to associate two of them in order to 
form a gênerai proposition, and this is what happens when an 
object which calls up in him a nanje aiso arouses in him 
another name. He then attempts his first lisping, verbless 
sentences : — nice soup, naughty cat, etc. The mechanism of 
tWs junction is very simple, and hère animal thought leads 
naturally to human thought. — Whcn a dog sees in a trench 
or pit a flowing inodorous, uncolored, clear liquid, this ; er- 
ception, by virtue of anterior expérience, excites in him ' y 
association the image of a sensation of cold, and the percep- 
tion joined to the image form in him a couple. In the case 
of the child, owing to the names he learns and understands, 
the same perception further calls up the word waicr ; the 
same image further calls up the word cold^ and the two 
words water, cold, associated by contiguity, form a second 
supcradded couple. 

Now later on, when the child reverts to and dwells on 
thèse two words, he Rnds that the Rrst excites în him an 
indefinite séries of anterior expériences, that of the watcr- 
bottle, the well, the spring, the rain, the river, and that în 
each of thèse représentations the word cold is called up as 
well as the word water. He then observes that they form 
a couple through ail the procession and ail the review ; this 
he expresses by sayingthat ail waters are cold. Somcwhat 
later on, he omits the dilTerences of the various représenta- 
tions and préserves the couple itself alone ; this he expresses 
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by saying that water is cold. In this manncr, he enounces, 
mentally or aloud, his first général propositions and his first 
abstract propositions, — lïy degrecs, as he grows older, he 
learns new words ; he applies them to the old couples of 
représentations which former expérience bas already es- 
tablishcd in him, and to thc new couples of représentations 
which incessant expérience daily establishes in him ; thus, 
arise new couples of understood words, that ïs to say, of 
ideas. — It is between eighteen months and five or six years 
old that the grcater part of this process is accomplished ; it 
is continued, later on and up to adutt life, but with fcwer 
acquisitions. The child thus forms a number of judgments 
on the objecte and facts familiar to him. "Sugar is nice. 
Fire burns. A blow hurts. Cats scratch. Cows eat grass. 
A person who speaks harshly îs angry." — At first, when 
given an indîvidual or evcnt of a certain class, he formed 
only one of thèse gênerai judgments respecting it ; soon he 
forms two, three, four, then ten, twenty, a hundrcd, and so 
on. Seeing a bounding fotm, with which the name cat is 
associated in his mind, he says, first, that the cat scratches ; 
later on, he will say tliat it mcws, that it climbs on the 
roofs, that it catches mice, and so on, — It is the same wîtli 
ail other class names; cach of them ends by calHng up a 
considérable number of gênerai judgments, and each is capa- 
ble of calling up an îndefinitc number of them. Each of 
them thus, by its more or less ample escort, sums up our 
more or less ample expérience, and being the product of our 
expérience, aiïbrds its measure, 

General judgments of this kind and of this origîn are 
sufficicnt for practicc. Children, savages, and uneducateci 
persons form fcw others, and few others are made use of in 
ordinary conversation. Many mcn and many nations ncvcr 
go beyond this. But we are capable of going beyond it, and 
of passîng from ordinary propositions to scientific propo- 
sitions. Expérience at its commencement led us to the Hrst ; 
prolonged expérience leads us to the second. For on apply. 
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îngoiir primitive judgment toncw instances, wcfindît inexact. 
Tlie child at first concluded that ail waters are cold; ifhe 
puts his liand înto a kettic jusî takcn from tlic Are, he changes 
his opinion and no longer attributcs cold to water, except of 
a certain température. A gardener who has ncver left his 
province, consîders that ail swans are white; ifhe is taken to 
tlie Zoological Gardcns and shown the black Australian swans, 
he will no longer attribute whîteness except to a certain 
varicty of swans. A student of botany thinks that ail plants 
with an arborescent bark arranged in concentric layers hâve 
two cotylédons; when shown the dodder and two or three 
other kinds, he sees that the preceding law is almost uni- 
versal, but not universal. — By degrces, owing to such correc- 
tions, our gênerai judgments become adjusted to things. To 
the couple of abstract idcas associated in our minds, there 
corresponds, lîne for Une, a couple of abstract characters 
associated în nature ; henceforward, in every new instance we 
observe, our proposition receîves a new justification, and the 
law enounced no longer meets with exceptions. — At the 
expiration of a very long time, after numbers of correspond 
ences thus verified, men of certain races and of certain civi- 
lisations — for instance, modem Europeans — hâve ended by 
believing that this is so in every case, that such is the consti- 
tution of things, that the whole of nature is govemed by 
laws, that ail its course is uniform, that in every time and 
every place, in the moral as well as in the physical world, 
when any character is given, there is neccssarily anothcr 
which is connected with it. Is this supposition true ? Hâve 
we hère a wholly universal law ? We shall inquire înto this 
\ater on.— Meanvhile, we are able, from the vast number of 
ascertained laws withîn us and about us, to admit that it is so 
for our little unîverse, orat ail events to avait ourselves of it 
on occasion as an instrument of research, to dîscover the 
unknown character which we suppose to be attached to the 
known character, remembering that we hâve in every case 
to verify our success or failure by the conformity or diver- 
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gence of the supposition we hâve admttted and the subséquent 
facts. Thus it is we inquire, and our difTerent modes of 
inquiry in this route are the différent processes of scientîfïc 
Induction. 

II. We begin then with an hypothesis, but wîth a very 
probable hypothesis, wairanted by a multitude of précédents, 
and capable, moreover, of being invalîdated or confîrmeil 
after we hâve availed ourselves of it, therefore as well selccted 
as possible to put us in the rtght road, and to warn us off the 
wrong road if we happen to bc led into it ; this hypothesis 
being that a character, taken apart, has an influence ; by 
itselfand by itsclf alone, it involves something else, either 
contemporary, antécédent, or conséquent; it is sufïicîent for 
it to be given for one or more other characters to be also 
given. 

Observe this word it is sufficùnt. It îsthe keyof the door ; 
for it puts in our hand a property of the unknown character, 
a kind of distinctive mark, by means of which we shall recog- 
nize it ; sincc the fact of the présence of the other is sufficient 
to give us this, we shall recognize by this characteristic that ît 
is présent in ail the cases in which the other is présent ; in 
none of thèse cases can it fail, Thîs îs its spécial sign, and, 
so to speak, the ticket which dénotes it from ail other things. 
/ Hence a first method, termed by MiJl Tlte Met/tod of Agrce- 
mcnf. We coUect many cases in which the known character 
is given ; according to what has just been said, the unknown 
character is met with in them ail ; in otlier words, it is coin- 
mon to them ail, and is, therefore, found comprised in the por- 
tion which is common to them. — Hcrc, we choose cases as 
dissimilar as possible, and take away thcir différences. The 
greater and more numerous their diiîerences, the smaller will 
be the common remnant left by the élimination; as thisrcm- 
nant is the only common part, it necessarily comprises the 
character we are in search of, and if after this élimination 
there remains a single character only, this single character ia 
necessarily the character we are in search of. 
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Thus, take ail animais with mammae, and espcctally thc 
most widely différent ones, the whale, lîie bat, the monkey 
th(.- horse, the rat, the omithorynchus, and exclude their dif- 
ferenccs. Afterthis enormous élimination, therewill only rc- 
main a small number of common characters, double circula- 
tion, the circumscription of the Iungsbyapleura,theproperty 
of bringing forth the young alive ; either this entire group or 
somc clément of it, among others the last, is evidently the 
character we are in search of ; in fact, the last invariably ac- 
companies the possession of mammx. — Let us collect a num- 
ber of oils as différent as possible, of alkaline substances as 
différent as possible, and combine tliem ; hère is the known 
antécédent. Now let us seek for the known conséquent, and, 
for this, let us compare togethcr their différent products. If 
we set aside their différences, we shall fînd one common char- 
acter only, that of beïng a soap ; this, then, is the character 
which is connected as conséquent to the présence of the gîvcn 
antécédent. — Let us now take a known and well-defîned con- 
séquent, the sensation of sound.* To find its antécédent, we 
collect many cases in which a healthy ear perceives a sound, 
the sound produced by a bcll, by a string which is pinchcd or 
rubbed by a bow, the sound of a beaten drum, of a horn which 
is blown, the sound of the human voice, the sound heard whcn 
the head is under water, or on putting the ear to a beam which 
IS slightly struck.etc. After a longexamination, wc discover 
that ail thèse cases agrée, as faras we can judgc, in one single 
point, which is the présence of a reciprocating movement, in 
other words, of a vibration of the sonorous body, comprised 
between certain limits of slowness and rapidity, and prop- 
agatcd through a médium to the auditory organ. Thîs 
transmitted vibration, then, is the antécédent we are in 
search of. 

Such is the first method ; by it we exclude the différences 



* Ordinaiy Sound, thu i* to u;, exciled bjr an e^demal antécédent, and aol 
the Milijeclivc suun<i excited bj a ipontaneoni ttate of thc auditory organ. 
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of ihe case? in question, whîch sets apart theîr resemblances. 
It rerjbires as prelîminary, the collection of many cases in 
^vhich titc kiiown cliaracter is given. It adopts as a guide, the 
neces^ry présence of the unknown character in ail cases in 
which tho Wnown character is found. It has for its auxiliary, 
the greate.ît possible difleience of appearance between the 
cases. It haa'orits object, the severance of theîr agreements. 
It has, as its rfiect, the isolation of a remnant, whîch is, in 
wholc or part, the character we are in search of. 

We hâve unV to invert this method to possess another, 
termcd by Milt The Mel/tcd of Différence. Let there be a 
known charactii, and take two cases; the first in whîch it îs 
given, the sccorid in which it îs not given. Sînce, byits prés- 
ence alone, it introduccsan unknown character, when absent 
it will not întroducc this; this character whîch it would hâve 
introduccd, will be wanting, and, therefore, will not be found 
in the second case. Hère is a new property of the unknown 
character, a second distinctive characteristic, by means of 
which we shall be able to discover it ; we shall recognize it by 
the mark, that, bcing présent în the (irst case, it is absent in 
the second. — Hère we choose two cases as similaras possible. 
Since it is présent in the one and absent în the other, it cannât 
be one of the characters in which they are alike, and must 
necessarily be one of the characters inwhichthey dîfler. Lct 
us exclude, then, ail the characters in which they are alike ; 
the remaindcr îs the sum of theîr différences ; and it is în this 
remaînder that the character we are in search of is necessarily 
comprised. But this remaînder îs very small, since we hâve 
chosen the two cases as much alike us possible ; if, therefore, 
this remaînder consista in one single character, this charaeter 
is necessarily the one we are in search of. 

Thus, take a known character, extrême hardness, or the 
capacity of scratching ail other bodies. We take two bodies 
as much alike as possible, one in which the character is prés- 
ent, the other in which it is absent ; one of thèse bodies îs a 
diamond which is pure carbon ; the other is purified carbon ; 
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or, better still, let one body be a particular diamond, tbe 
other the same diamond bumt and reduced to the state of 
cinder. Chemical propertîes, weight, component molécules, 
many characters, and those the most important of ail, are 
exactlyalîke in the two cases. We eliminate them.and hâve 
as residue a group of characters which are présent in the dia- 
'iiond and absent in the pièce of coke, brilliancy, transpar- 
ency, octohedric form, crystalllne structure. It is this wholc 
group, then, or an élément of this group, and especially the 
last, which is the character we are in search of ; in fact, the 
other éléments of the group are nothîng more than various 
aspects of the last, and in carbon, crystalline structure inva- 
riably accompanies extrême hardness. — Again, when given 
the sensation of sound, let us select two cases, one Jn which 
it is produced, the other in which it is not produced, and let 
us select them so very similar as to differ in a very small 
number of characters only, and, if possible, in one character 
alone. For this purpose, let us repeat the same case twice, 
and introduce or suppress on the second occasion a single 
well-defincd circumstance ; this added or excluded circum- 
stance, being the only différence separating the two cases, 
will be the character we are in search of. For instance, in 
the case of the continuons sound produced by a vibratîng 
tuning-fork, we touch lightly the little biades, this stops their 
vibration, and the sound at once ceases. In the case of a bell 
struck by its clapper, we put it under the receiver of an air- 
pump and exhaust the air, and the sound at once ceases. In 
the case of the silent tuning-fork, we press it and suddenly 
let go the biades, which restores their vibration, the sound 
at once recommences. In the case of the clapper sîlently 
striking the bell, we let the air into the receiver, the sound 
at once recommences. Hère the only circumstance in tum 
introduced or suppressed among the antécédents of the sound 
is the rapid recïprocatîng movement in the case of the tuning- 
fork, and the présence of the elastic médium in the case of 
the bell. This double circumstance, then, is the only char- 
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actcr by which thc case in which the sound ïs présent, dif- 
fcrs from the case in whic)i the sound is wantîng, hence ît 
foUows that it is the antécédent we are in search of. 

Such is the second method; by tt we exclude the resem 
blanccs of the cases considcrcd, and so set apart their différ- 
ences, It requîrcs as prcliminary the sélection of two cases 
distin^uished, one by the présence, the other by the absence, 
of the known character. It adopts as a guide the necessary 
absence of the unknown character in ail the cases in which 
the known character is absent. It has, for its auxiliary, the 
greatest possible rescmblance betwcen the two cases. It has, 
for its objcrt, the severancc of différences, It has as its ef- 
fect thc isolation of a reninant, which is, in whole or part, the 
character we are in search of. 

Thèse two methods suggest a third, termed by MiU, The 
Meikod of Concomitant Variations. To the two marks by 
which we make discovcry of the unknown character, it adds a 
a new one. We hâve recognîzed it by the characteristic of 
its présence whenevcr the known character is présent, and by 
the characteristic of its absence whenever thc known charac- 
ter is absent; we can also recognîz.e it by the characteristic 
that, whenever the known character varies, the unknown char- 
acter also varies in a corresponding manncr. In fact, in one 
aspect or another," the known character may be considered 
as a sum of degrees, each of which takcn apart has its influ- 
ence ; for if each takcn apart had no influence whatever, we 
might successîvely suppress them ail up to the last, and. 



* For instance, in thc corrEsponding rarialions which the fonn of Ihe tmh. 
ihe structure of the condyie, the length of the inteîitines, >nd the arrangement of 
Ihe limbs, und«-ço in différent species, (he observed organ becomes more or less 
filted or unlîtted for camivorous or hcrbivorous life ; the degree of (îtness foi car. 
nivorous life being lowered in proportion as the degree of filncss for herbïvoroiu 
life increises. In this double sensé, an organ may be considered in Ihe aspect nf 
its quantity. and may présent a sum of greater or less degrees. Ilence. ihe 
methods of Cavier for deiertaïning tinkDOwii organs from Iheir dependence witl- 
lelatiOD to knomi orKani, 
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therefore, suppress the character itseir, without supprcssîng 
îts influence ; we might also add them ail, one after another, 
up to a certain limtt, and, therefore, reconstitute the charac- 
ter itself as fully as we picased, without re-constituting ita 
influence. Now thèse two suppositions are contrary to the 
notion of the character as we hâve assumed it. Thus, from 
thîs very notion, we may conclude that every variation of the 
known character involves a variation of the unknown charac- 
ter, and on this indication, may seek for the unknown char- 
acter. 

For instance, take a known character, the progressive re- 
tardation, and conséquent final extinction, of the movement 
of the pendulum. We cannot construct a pendulum to oscil- 
late for ever, and consequently cannot flnd a second case în 
which the known character is absent. For this impracticable 
case of absence of retardation, we substitute a number of 
practical cases of diminished retardation. We diminish more 
and more the obstacles the pendulum meets wîth, and find 
that its retardation is proport ionatciy diminished. When 
the friction at the point of suspension is reduced as much as 
possible, and when the surroundîng air is exhausted as much 
as possible, it takes thirty hours, instead of some minutes, for 
the movement to stop. In proportion as the obstacles ap- 
proach the degree at which they would vanish, the retarda< 
tion approaches the degree at which it would vanish. As far 
as we are able to judge, there is, between the first case in 
which the pendulum ceases to oscillate afler a few minutes, 
and the other cases in which it continues its oscillation for a 
longer and longer time, one différence only, which is that, 
in the first case, the obstacles are greater, and that, in the 
others, they are less ; the présence, then, of an increase in 
the obstacles îs the antécédent of an increase in the retarda- 
tion. — But this does not as yet prove that, were there no 
obstacles, there would be no retardation. For it might hap- 
pen that the diminu':ion of the antécédent and the diminu- 
tion of the conséquent did not proceed at the same rate ; 
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perhaps, in proportion as the résistance is dïminished byone 
half, thc retardation is dimi;;ished only by a fourth or other 
smalk-r fraction ; this would be the case, if the retardation 
had two causes, onc of which was a property inhérent to the 
motion itself, that is to say a tendency to cease after thc 
lapse of a certain time, thc other appcrtainîng to the circum- 
sî^nces, that is to say to the résistance of the surrounding 
bodies. In thîs case, the complète suppression of the ob- 
stacles would only diminish the retardation, withoul wholly 
sup])ressing it; the pendulum would oscillate sixty hours 
and more, but would finally stop. — We must prove, then, 
that the retardation diminishes at the same rate as thc re- 
sistance, and that cvery degrce addcd to or taken from thc 
résistance corresponds to an equal degrce added to or taken 
from the retardation. This is effected by the two mcthods 
aircady described, though seeking, no longer the antécédent 
of the retardation, but the antécédents of two of îts diminu- 
tions or augmentations measured beforehand, and through 
discovering, by the extraction of agreements or différences, 
that thèse antécédents are two precisely equal diminutions 
or augmentations întroduced înto the sum of the résistances 
presented by thc surrounding obstacles. When this is 
established it becomes proved that, when the résistance 
ceascs, the retardation ceases. — Thîs is a proposition which 
we were just now unable to establish by expérience: but 
now we hâve no need to establish it by expérience; the gap 
is filled up ; we may dispense with observation ; we bave its 
équivalent. Thanks to this équivalent, we know now that 
the case în which the motion is retarded, and that in which 
it is not retarded, differ only in onc charactcr, namely, the 
résistance opposed, in the first case, by obstacles ; hence 
it follows that this résistance is the antécédent we are in 
search of. — Such is the thîrd method which, compounded of 
the first and second, is a substitute for the second, and which 
is often of higher value than they are, from its determining, 
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not only the qualîty, but also the quantîty, of the inknown 
character.* 

Ail thèse mcthods employ the same artifice, that is to 
say the élimination or exclusion of characters other than 
the character we are in scarch of. Let us takc a known 
character; it is accompanied, foUowcd, or preceded by ten 
othcrs. Which one or more of thèse ton are so connécted 
with its présence, that its présence is sufficient to givc them 
as its companions, antécédents, or conséquents ? AU the 
difficulty, and the only possible solution, lie hcre. To résolve 
the difficulty and effect the solution, élimination is rcquired, 
that is to say the exclusion, amongst the ten characters, of 
thosc which are not thus connécted with the présence of the 
known character. But, as we are not able actually to exclude 
thcm, and as, in nature, the character we are in search of is 
always hiddcn in a crowd of others, we collect cases which 
by thcir diversity entitle the mînd to clear away this crowd. 
We look for indications which may enable us to distinguish 
between the character we are in search of and superfluous 
chamcters. We find three of thèse indications, and apply 
them; for greater security, we apply ail three of them suc- 
ccssivcly in order that they may correct one another. When 
the expulsion is accomplished, what remains is the character 
we arc în search of. 

In some cases thèse eliminating processes are ineffcctual, 
namely, in those in which the conséquent, though produced 
by a concurrence of antécédents, cannot be reduced tnto its 
éléments. Methods of isolation are thcn impracticable ; and, 
as we can no longer eliminate, we can no longer perform 
induction. — Now, this grave difficulty présents itseff in nearly 
ail cases of motion ; for nearly every motion is the efTect of 
a concurrence of forces, and the respective effects of the 

* Mil), aller dencribing tliU method, indiotet a foncth, which he tenm th* 
MtlMed af RtàJua. It to bat uiother eue oT the Method of IKAcnnues, mnd » 
bat nreljr employed. The thiee which we hâve expltined had their (int oiigia 
ta Bacon'* " Table* of Preieiice, Absence, and Degré**.' 
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différent forces are found so mïxeo up in it tbat we cannot 
separate them without destroying it, and it seems impossible 
to know what part each force has in tlie production of the 
movement. Take a body acted on by two forces whose 
directions form an angle; it moves along the dii^nal ; every 
part, every moment, every position, eveiy élément of its 
movement is the combined eflect of the two impelling forces. 
The two effects are so intimately combined that we cannot 
isolate either of them to refer it to its origin. — To perceive 
each effect separately, we should hâve to consider the mo- 
tions turned in another direction, that is to say to suppress 
the given movement and replace it by others. It is the 
double conséquent of a double antécédent, and, as wc cannot 
isolate one or other of its two parts, we cannot îsolate one or 
other of the two parts of its antécédent. Neither the usual 
method of Agrecment or of Différence, nor the subsidJary 
methods of Residues or of Concomitant Variations, a]] of 
which are decomposing and elimînatîve, can serve us in a 
case which by its nature cxcludes ail élimination and ail 
décomposition. — We must thereforc évade the obstacle, and 
hère it is that the Method of Déduction — the last kcy to Na- 
ture- -cornes in. We commence by borrowing a proccss from 
the sciences of construction ; we leave the effect, we set to 
work beside it, we study other sïmpler cases; we examine 
various analogous effects or conséquents, we connect each to 
its cause or antécédent by the processes of ordinary induc- 
tion ; then, we form a construction. We mentally collect 
many of thèse antécédents or causes, and we conclude, from 
their known conséquents or effects, what must be thcir total 
conséquent or effect. We then verify if the total effect 
given is exactly similar to the total effect predicted, and, if 
BO, we attribute ît to the combinatîon of causes we hâve fabrî- 
cated. — Thus, to discover the causes of the motion of the 
planets, we establish, by simple inductions, first, the law 
Connecting the motion in direction of the tangent with a 
force of initial impulsion, then, the law Connecting the fall of 
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a body towards another wîth the accelcratîng force of gravity. 
From thèse two laws obtaîned by induction, we deduce, by 
calculation, the various positions and velocitics which a body 
would assume, under the combined influences of an initial 
impulsion and accelerating gravity, and, after verifying that 
the observed planetary motions coïncide exactiy with the 
foreseen motions, we conclude that the two forces in question 
are actually the causes of the planetary motions. "To the 
Deductive Method," says Mill, "thehuman mind is indebted 
for its most conspicuous triumphs in the investigation of 
Nature. To -ît, we owe ail the théories by which vast and 
complîcated phenomena are embraced under a few simple 
laws." — It is only a dérivation of the preceding methods; for 
ît starts from a property of the antécédent obtaîned by those 
methods. This property is that of being sufficient, that is to 
say of exciting, by its présence alone, a certain conséquent. 
Therefore, if it be présent, the conséquent will arise ; and, if 
another antécédent obtaîned in the same way is also pre. ent, 
its conséquent will similarly arise ; so that thewholc consé- 
quent will be mixed and double. — If now the whole consé- 
quent observed coïncides in ail its parts with the whole 
conséquent predicted, we shall say with certainty that the 
double antécédent supposed îs suffîcicnt to cause it to arise, 
and we shall be able to assume that, in the case in question, 
this double antécédent in fact exists. — In truth, this will only 
be a supposition or hypothesis; but it will be the more 
probable in proportion as the total conséquent, being more 
complcx and more multiplex, further Umits the number of 
hypothesis capable of accountîng for it ; and it will be wholly 
certain when, as is the case with the motion of the planets, 
we can demonstrate that no other combination of forces 
could produce it, that is to say that the double antécédent 
assumed is not only possible, but alone possible, and there- 
fore, real. 

Thèse are the rules: an example wîU make them dearer; 
there is one in which we shall see ail the methods in exerciM 
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— Dr. Weirs theory of Dew. I shall cîte the exact words of 
Mill and Herschel.* They are so clear that we must gîvc 
ourselvcs the pleasure of consîdering them. We must begin 
by separatîng dew from rain, and the moîsture of fogs, and 
by defining it as " the spontaneous appearance of moisture 
on substances exposed in the open air, when no x^xviox visible 
wet is falling." What is the cause of the phenomenon we 
hâve thus defined, and how was that cause discovercd ? 

In the first place, " * we hâve analogous phenomena in 
the moîsture which bedews a cold mctal or stone when we 
brcathe upon it ; that which appears on a glass of water fresh 
from the well in hot weather ; that which appears on the in- 
side of Windows when sudden rain or hail chills the external 
air ; that which runs down our walls when, after a long frost, 
a warm moist thaw cornes on/ Comparing thèse cases, we 
find that they ail contain the phenomenon which was pro- 
posed as the subject of investigation. Now, * ail thèse in- 
stances agrée on one point — the coldness of the object dewed, 
in comparison with the air in contact with it.* B it there 
still remains the most important case of ail, that of noctur- 
nal dew: does the same circumstance exist in this case? 
* Is it a fact that the object dewed is colder than the air ? 
Certainly not, one would at first be inclined to say ; for what 
is to make it so ? But . . . the experiment is easy : we hâve 
only to lay a thermometer in contact with the dewed sub- 
stance, and to hang one at a little distance above it, out of 
reach of its influence. The experiment has therefore been 
made ; the question has been askcd, and the answer has been 
invariably in the affirmative. Whenever an object contracts 
dew, it is colder than the air.' 

" Hère then is a complète application of the Method of 
Agrccmeftt^ establishing the fact of an invariable connection 
between the déposition of dew on a surface, and the coldness 



• Mill, " Logic •4th édition, i. 45i-8,ciling from Sir J. Herschel, "DiscourM 
on the Study of Nataral Fhilosophy." 
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of that surface compared with the cxtcrnal air. But which 
of thèse is cause, and which effect ? — or are they both effects 
of something else? On this subject, the Method of Agree- 
ment can afford us no light : we must call in a more potent 
method. ' We must coUect more facts, or, which comes to 
the same thing, vary the circumstances ; since every instance 
in which the circumstances differ is a fresh fact: and es- 
pccially we must note the contrary or négative cases, /. ^., 
where no dew îs produced: * a comparison betwcen instances 
of dew, and instances of no dew, being the condition neces- 
sary to bring the Method of Différence into play. 

" * Now, first, no dew is produced on the surface of pol- 
ished metals, but it is very copiously on glass.* Hère îs an 
instance in which the effect îs produced, and another instance 
în which ît îs not produced. . . . But, as the différences be- 
tween glass and polished métal are manifold, the only thing 
we can as yet be sure of îs, that the cause of dew will be 
found among the circumstances by which the former sub- 
stance is distinguished from the lattcr. . . . To detect this 
particular circumstance of différence we hâve but one practî- 
cable method — that of Concomitant Variations. 'In the 
cases of polished métal and polished glass, the contrast shows 
évident ly that the substance has much to do with the phe- 
nomenon, therefore let the substance alone be diversified as 
much as possible, by exposing polished surfaces of various 
kinds. This done, a scale of intensity becomes obvîous, 
Those polished substances are found to be most strongly 
dcwed which conduct heat worst ; while those which conduct 
well, rcsist dew most effectually.* Hence we conclude that 
the déposition of dew is in some way connected with the 
power which the body possesses of resisting the passage of 
heat. 

" * But, îf we expose rough surfaces instead of polished, 
we sometimes find this law interfered with. Thus, roughened 
îron, especially if painted over or blackened, becomes dewed 
sooner than varnished paper ; the kind of surface^ therefore 
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bas a great influence. Expose, then, the same material in 
very diversified states as to surface/ (that îs, employ the 
Method of Diflerence to ascertaîii concomitance of varia- 
tions,) * and another scale of intensity becomes at once ap- 
parent ; those sur/aces which part tait A their heat vaost rcadily 
by radiation, are found to contract dew most copiously.' 
Hence we conclude that the déposition of dew is also in some 
way connected with the power of radiating beat. 

" * Again, the influence ascertained to exist of substance 
and surface leads us to consider that of texture : and hère, 
again, we are presented on trial with remarkable différences, 
and with a third scale of intensity, pointing out substances 
of a close fîrm texture, such as stones, metals, etc., as un- 
favorable, but those of a loose one, as cloth, velvet, wool, 
eider-down, cotton, etc., as eminently favorable to the con- 
traction of dew.* Looseness of texture, therefore, or some- 
thing which is the cause of that quality, is another circum- 
stance which promotes the déposition of dew ; but thîs third 
cause résolves itseîf into the first, viz., the quality of resist- 
ing the passage of heat ; for substances of loose texture ' are 
precisely those which are best adapted for clothing, or for 
impeding the free passage of heat from the skin into the air, 
so as to allow their outer surfaces to be ver}' cold, while they 
remain warm within.' 

" It thus appears that the instances in which much dew 
is deposited, which are very various, agrée in this, and, su 
lar as we are able to observe, in this only, that they either 
radiate heat rapidly or cond ict it slowly: qualities between 
which there is no other circumstance of agrecment, than 
that by virtue of either, the body tends to lose heat from the 
surface more rapidly than it can be restored from within. 
The instances on the contrary, in which no dew, or but a 
small quantity of it, is formed, and which are also extremely 
various, agrée (as far as we can observe) in nothing except in 
not having this same property." We can now revert to our 
previous inquiry, as to whethcr the coldness was the cause of 



/ 
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dew, or its effect. " Thîs doubt we are now ablc to résolve. 
We hâve found that, in every such instance, the substance 
on which dcw is deposîted is one which, by its own properties 
or laws, would, if exposed in the night, become colder than 
the surroundîng air. The coldness, thereforc, being accounted 
for independently of the dew, while it is proved that there is 
a connection between the two, it must be the dew that dé- 
pends on the coldness ; or, in other words, the coldness îs thf 
cause of the dew. 

" Thîs law of causation, already so amply established, ad- 
mits, however, of efficient addîtional corroboration in no less 
than three ways. First, by déduction from the known laws 
of aqueous vapor.when diffused through air, or any other gas 
. . . It is known by direct experiment that only a limited 
quantity of water can remain suspended in the state of vapot 
at each degree of température, and that this maximum grows 
less and less as the température diminishes. From this it 
follows, deductively, that if there is already as much vapor 
suspended as the air will contain at its existing température, 
any lowering of that température will cause a portion of the 
vapor to be condensed, and become water. But, again, we 
know deductively, from the laws of heat, that the contact of 
the air with a body colder than itself, will necessarily lower 
the température of the stratum of air immediately applied to 
its surface ; and will therefore cause it to part with a portion 
of its water, which accordingly will, by the ordinary laws of 
gravitation or cohésion, attach itself to the surface of the 
body, thereby constituting dew. This deductive proof has 
the advantage that it accounts for the exceptions to the occur- 
rence of the phenomenon, the cases in which, although the 
body is colder than the air, yet no dew is depositcd ; by show- 
ing that this will necessarily be the case when the air îs so 
under-supplicd with aqueous vapor, comparatively to its 
température, that even when somewhat cooled by the contact 
of the colder body, it can still continue to hold in suspension 
ail the vapor which was prevîously suspended in it : thus in 
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a very dry summcr there are no dews, în a very dry winter 
no hoar-frost. 

" The second corroboration of the theory is by direct ex- 
perîmcnt, according to the canon of the Method of Différ- 
ence. We can, by cooling the surface of any body, find în ail 
cases sonie température at which dew will begin to be de- 
posit:d. We can, it is true, accomplish this only on a small 
scalc ; but we hâve ample reason to conclude that the same 
opération, if conducted in Nature *s great laboratory, would 
cqually produce the effect. 

" And finally, even on that great scale we are able to 
verify the resuit. The case is one of those rare cases, as 
we hâve shown them to be, in which Nature works the 
experiment for us in the same manner în which we ourselves 
perform it ; introducing into the previous state of things a 
single and perfectly definite new circumstance, and manifest- 
ing the effect so rapidly that there is not time for any other 
material change in the pre-exîsting cîrcumstances. * It is 
observcd that dew is never copiously deposited in situations 
much screened from the open sky, and not at ail in a 
cloudy night; but if the clouds witlidraw even for a fc7V min- 
utes, and leave a clear opejiing^ a déposition of dew presently 
begins, and goes on increasing.' . . . The proof, therefore, îs 
complète, that the présence or absence of an uninterrupted 
communication with the sky causes the déposition or non- 
deposition of dew. Now, since a clear sky is nothing but the 
absence of clouds, and it is a known property of clouds, as of 
ail other bodies between which and any given object noth- 
ing intcrvenes but an elastic fluid, that they tend to raise or 
kccp up the superficial température of the object by radia- 
ting beat to it, we see at once that the disappearance of 
clouds will cause the surface to cool; so that Nature, in this 
case, produces a change in the antécédent by definite and 
known mcans, and the conséquent follows accordingly: a 
natural experiment which satisiies the réquisitions of the 
Method of Différence." 
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§ II. Laws concerning Possible Things, 

I. We see that thîs process îs of considérable Icngth ; for 
ît requires the collection, sélection, and comparison of many 
instances. Further tlian this, it usually happens that the 
more gênerai the law, the more time is required to obtain it ; 
for it requires the preliminary discovery of many partial 
laws; Newton, Geoffroy, Saint-Hilaire, Dalton, Faraday are 
but the successors of many others, and the most extensive 
inductive law we are acquainted with, that which states the 
Conservation of Force, is of yesterday's discovery.* Agaîn, 
however well-established and verified one of thèse laws may 
be, if we wish to apply it outside of the little circle of space 
and short fragment of duration to which our observations arc 
limited, it becomes probable only. It is not absolutely cer- 
tain that the Law of Gravitation continues to hold good, be- 
yond the furthest nebulaî of Herschel. It is not at ail cer- 
tain that, in the sun, hydrogen and oxygen préserve the 
chemical affinity which we find theyhave hère with us. It is 
possible that the intense température in the sun, that some 
unknown circumstance beyond the furthest nebulae, may in- 
tervene to alter or annul thèse laws. Consequently, on con- 
sidering the proposition enouncing it, we find, on the one 
hand, that its acquisition is tardy, on the other, that its ap- 
plication is limited. 

II. Such are the distinctive characteristîcs of the gênerai 
proposition whose component ideas, being formed by extrac- 
tion and gradually adjusted to the gênerai characters of real 
things, are bound to correspond with theîr object. — Very dif- 
erent are the distinctive characteristics of the gênerai prop- 
ositions whose component ideas, being formed by construc- 
tion, are not subject to a similar obligation. Such are the 
ideas of arithmetic, of geometry, of pure mechanics, of al! 

♦ Sec, as to the order of thèse discoveries, the valuable work of Dr. Whewell. 
on the '* History of the Inductive Sciences." 

13 



194 THE KNOWLEDGE OF GENERAL THINGS. [BooK IV. 

the mathematîcal sciences, and, more generally, of ail the de- 
ductive sciences. The propositions of thèse sciences are net 
merely probable, but certain beyond our little world ; at al! 
cvents, we believe it to be so, and, moreover, arc unable to 
believe or conceive that it îs otherwise. Even beyond the 
furthest nebulae, two facts or objects added to three facts or 
1 )jects of the same class make five facts or objects of the 
V»ame class ; if a triangle be found there, its anj^les are, as with 
us, together equal to two right angles ; if a body be impcUcd 
by two forces whose directions form an angle, it will move, 
as with us, along their diagonal. At ail events, whatever 
effort we may make to conceive the contrary, we cannot do 
so ; the two component ideas of the proposition, once well 
understood, form in our mind an indissoluble couple whose 
terms, in themselves, refuse séparation. — Besides, the most 
gênerai of thèse propositions are the ones which are first dis- 
covered ; for it is by their means that we prove the less gên- 
erai oncs. Looked at geometrically, the idea of a solid is less 
gênerai than that of a surface, and that of a surface less gên- 
erai than that of a line, since the solid is constructed with 
surfaces, and the surface with Unes, whence it foUows that 
we find, mentally at least, if not in nature, the surface with- 
out the solid, and the line without the surface, but never the 
solid without the surface, or the surface without the line; so 
that the surface occurs more frequcntly than the solid, and 
the line more frequently than the surface. Now we ail know 
that, to establish propositions relating to solids, we must 
first establish those relating to surfaces, and that, to establish 
propositions relating to surfaces, we must first establish those 
relating to Unes. — Finally, among the most gênerai of thèse 
propositions, there are certain ones, called axioms, which we 
do not demonstrate, and by which we demonstrate the rest. 
We fix them at the head of every science, like hooks from 
which the other propositions may dépend. Thèse others are 
so many links, forming one or more chains ; each link in them 
is hung from the one preceding it, and sustains the one suc- 
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ceedîng ît ; but the supports whîch bear the whole are twc, 
three, or four expressed or implied propositions, placed at 
the summit. Ifwedo not demonstrate them, it îs bccause 
we pronounce them évident in themselves ; at least, it sccnis 
to the attentive reader that he rcquires no proof to admit 
them, but that it is enough for him to understand them. As 
soon as the two component ideas of the proposition are clear 
to his mind, they become mutually attached there, and form 
a couple ; this reciprocal consoHdation is instantaneous ; every 
one sees at first sight that, among ail the Unes drawn from 
one point to another, the straight Une is the shortest. So, 
too, in every other deductive science, there are certain primi- 
tive ideas which, once présent in the mind, become fitted to 
one another as speedily, with as invincible a link, with as un- 
contested authority. Hère, indeed, are propositions fashioned 
in a strange way, and thèse are what we are now about to 
examine. 

III. For propositions of this kind, there are two kinds of 
proof: the one, expérimental, inductive,.approximative, and 
slow ; the other analytical, deductive, précise, and short ; it 
is this last of which we avail ourselves in ail the sciences of 
construction. — The better to mark out the characters and con- 
trasts of thèse two kinds of proofs, the reader must allow me 
to make a supposition. Take a proposition closely bordering 
on an axiom, that truth of elementary geometry that, in every 
triangle, the sum of the angles is equal to two right angles. Let 
us imagine a man not a geometrician, and inccipable, by the 
structure of his brain, of becoming one, but very patient, very 
précise, and very skilful at induction. I put in his hand a semi- 
circle divided into minutes and degrees so as to measure an- 
gles ; I trace before him a number of triangles ; I teach him 
to trace others, and I ask him to investigate whether, in ail 
thèse triangles, the sum of the angles is not equal to a certain 
number of right angles. — For several days, he applies his semi- 
circle to the angles of three or four hundred triangles; in 
each case, he observes by his semicircle the magnitudes of the 
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thrce angles, and, by adding their values, invariably finds 
that their sum amounts to 180®, that îs, to two right angles. 
This intcrests him, and he attempts to discover thc partial 
Idws of which this law, obtained by the collection of agrcc- 
mcnts, is the total. — He first takcs triangles havîng one right 
angle ; the sum of the other two angles is then equal to one 
right angle, and it will be easier to fînd the ctrcumstancc which 
causes this equality. He goes to work again with hîs scmi- 
circlc, and proves that, as the first of thèse two angles ap- 
proaches a right angle in magnitude, the second of them dîf- 
fcrs from a right angle in magnitude, so that the diminution of 
the one is compensatcd by the augmentation of the other, 
and that, by mcans of this perpétuai compensation, the sum 
of thc two angles is always equal to a right angle. — He thcn 
takes other triangles having an angle of the same magnitude; 
thcn, measuring this angle, he calculâtes by subtraction the 
value which the two other angles must together hâve to forra 
with it a magnitude equal to two right angles. Then apply- 
ing once more his semicircle, he proves that, whcnever the 
first of thcse two angles approaches the required amount, the 
second proportionately differs from it, in such a way that, the 
lo£s being equal to the gain, the sum of the two angles is al- 
ways equal to the required magnitude. — Thus, in ail triangles, 
v.'hen one angle is given, the diminutions or augmentations 
which one of thc two rcmaining angles may undergo are com- 
pensatcd by equal augmentations or diminutions of the other 
remaining angle ; and compensatcd in such a way that the 
total magnitude of the two remaining angles is the magnitude 
requisite to form with the given angle a number of angles 
equal to two right angles. — When this is eflected, our in- 
quirer has found a fixed connection betwcen the values of the 
second and third angle, another fixed connection bctween the 
sum of thèse values and the value of the first angle, and, by 
thèse two connections, he explains the whole value of the 
three angles. But he has reached his limit, he can go ne 
^urthei . Besides this, after ail thèse measurements, additions, 
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subtractions, and recapitulations, he has grounds of doubt ; 
he must ask himself whether the triangles he has drawn are 
absolutely perfect, if the divisions of his semicircle are strictly 
cqual, whether, in applying his semicircle to the angles, he 
has made the lines of division coïncide exactly with the sides 
©f the angles. Let him use a powerful microscope ; he will 
find that in very few cases are thèse conditions fulfilled, and 
he must suppose that, if the microscope were more powerful, 
he would not find them fulfilled in any case. Therefore, ail 
he can affirm is that, in triangles apparently perfect, the sum 
of the three angles is apparently equal to two right angles. — 
Now, let the geometrician come in ; he draws one triangle 
only; in fact, he does not busy himself with this or any other 
figured triangle ; his object is any triangle whatever ; he ex- 
pressly tells us this; to him, the apparent figure is but a 
means of more readily effecting a mental construction ; his 
eyes follow on the board or paper idéal lines, to which the 
physical marks do but approximately correspond. He com- 
plètes his mental construction and his apparent figure, by 
drawing through the vertex of the triangle and parallel to the 
base, on the one hand, an idéal line, on the other, a physical 
mark, so that between this mark and line there is a rough cor- 
respondence. Having conypleted his mental construction, he 
résumes his définitions of the triangle and of parallel lines, he 
observes their éléments, he follows with his finger thèse élé- 
ments in the approximating mark, he finds in one or more of 
them the property he is in search of, and thus proves the the« 
orem by the analysis of his définitions. 

Axioms are analogous theorems, but we dispense with 
their proof, either because it is very easy or because it is very 
difficult. In other words, they are analytical propositions, the 
subject of which contains the attribute, either, in a very évi- 
dent manner, which renders the analysis useless, or, in a very 
hidden manner, which renders the analysis almost impracti* 
cable. Hence there are two kinds of axioms, which border 
on one another by transitions. 



axioms o\ idcnîity and contradiction, — Tl 
cxi)rcsscd: if, in an objcct, thcrc bc a cj 
that datuni is présent. — The second may 
if, in an object, there is a certain datum 
is not absent ; if, in an object, there is a c< 
that datum is not présent. — As the word 
S€fU^ absent and not présent are synonymoi 
the axiom of contradiction as well as in th 
the second half of the phrase repcats a pc 
ba répétition ; we hâve manœuvred withoi 
Thençe we get a third metaphysical \ 
alternative^ less empty than the precedin 
analysis is required to prove it ; we may 
terms : in every object, a particular datui 
or absent. — In fact, suppose the contrary, 
the datum may be neither absent nor pr 
Not absent, means that it is présent ; not 
it is absent ; the two together mean, then 
at once présent and absent in the object 
to the two branches of the axiom of contr 
which says that, if a particular datum is p 
that datum is not absent, and to the oth 
if a particular datum is absent from an ol 
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essarily recognize that thèse propositions are true ; the alterna- 
tive is inévitable and cannot be evaded. And yet, in most 
cases, we hâve not the proof at hand. We hâve not made the 
foregoing analysis ; we could not show, as has been shown 
above, the séries of links by which the proposition is reduced 
to the axiom of contradiction. We hâve not disengaged and 
followed, asjust now, the very abstract ideas which, by their 
délicate ana continuous network, fasten together the two 
éléments of the proposition. What does this mean, except 
that, in the absence of a clear view of this consolidation you 
bave a confused sentiment of it, and that the connection exists 
between the two éléments of your thought without your being 
able to fix precisely on the points of connection? — We see 
daily this effectiveness of latent ideas ; we feel that a certain 
person could not hâve acted in a particular way, that certain 
conduct would be inopportune, that a certain action is right 
or blâmable, and most frequently we cannot say why ; never- 
theless, there is a why, a secret reason ; this reason is an idea, 
an idea included in the total conception which we hâve 
formed of this person, this conduct, this action ; it exists in 
the total conception Hke a segment not marked out in a circle, 
like a grain of lead in a pound of lead ; it is active in the 
conception just as its associated éléments; together they 
form a mass which, coming in contact with another mass, 
shows sometimes an affinity resulting in union, sometimes a 
répugnance resulting in séparation. Later on, by reflection, 
we disintegrate this mass ; by means of abstract words, we 
isolate its component ideas ; we fînd one among them which 
explains to us the involuntary junction or insurmountable 
mcompatibility of our two conceptions. — That there are some 
demonstrating 'deas included in the terms of the preccding 
axiom, we cannot doubt, since we hâve just detected them and 
arranged them in proof. That undetected ideas may and must 
act in the latent state to unité or sever two conceptions in 
which they are included, is certain, since we are daily wit« 
nesses of the fact. We may conclude, then, that the mental 
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consolidations and repulsions proved respecting the preceding 
axioniy hâve as their cause the concealed présence of the 
latent ideas which we just now detected, and we may con- 
jecture thaty in ail similar axioms, it is the same cause 
which produces the same effect. 

IV. It would be too long, and moreover useless, to analyse 
them ail. Let us apply ourselves to those which are the 
most fruitful, and which serve for the construction of whole 
sciences. — At the head of arithmetic, algebra, and geometiy, 
are inscribed the two following axioms : if equal magnitudes 
be added to equal magnitudes» the wholes are equal ; if equal 
magnitudes be taken from equal magnitudes, the remainders 
are equal. — No doubt we may form thèse two propositions 
by ordinary induction, and, most probably, it was in this 
manner that they were first established in our mind. Take 
two flocks, each of twenty sheep, in separate inclosures ; they 
may be increased or diminished in number ; they are, then, 
magnitudes. I drive fifteen sheep into the first inclosure, 
and fifteen other sheep into the second ; I then count the 
two flocks so increased^ and find that, in each field, there are 
thirty-five sheep. I then take seventeen sheep from the first 
inclosure, and seventeen others from the second ; I then count 
the two flocks so diminished, and find that, in each field, 
there are eighteen sheep» — As often as I hâve performed 
similar opérations, under similar conditions, upon any number 
of any kind of animais, or, more generally, upon any collec- 
tion of any distinct objects or facts, I hâve verified that the 
resuit was similar. The same observation is made when the 
collection is no longer composed of natural individuals, like a 
sheep, a pebble, or of facts naturally distinct, like a sound, a 
blow, a sensation, but of artificial individuals, like a mètre, a 
litre, a gramme, or of facts artificially divided, like the suc- 
cessive parts of a continuous movement. For instance, hère 
are two vessels in each of which are six litres of water ; I 
pour three litres of water into the first, and three litres of 
water into the second : I then measure the two quantities of 
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watcr so incrcascd, and find, in each vessel, nine lîtros of 
wdter. T then draw five litres of water fronn the first vessel^ 
and five litres from the second, and find there is left, in each 
vessel, four litres of water. — Each of thèse cases is an experi- 
ment. A child does the same with marbles; if he has 
counted two large equal heaps, and adds to them two little 
heaps which he has aiso counted and found equal, and finds, 
on counting, that the whole heaps are equal, this will be a 
discovcry for hinn, and I imagine that he will be as much 
delighted at it as a physicist who has observed for the first 
time some unknown phenomenon. — After many similar ex- 
periments, we are able inductively to conclude, by the method 
of Agreement, that equal magnitudes added to equal magni- 
tudes give equal sums, and that equal magnitudes taken from 
equal magnitudes give equal remainders. For if sometimes, 
as in the experiment made with vessels of water, the sums or 
remainders are not rigorously equal, we may legitimately 
attribute this inequality to the inaccuracy of our preliminary 
measures or the awkwardness of our subséquent manipulation, 
since the more accurate our measures and the more skilful 
our manipulation, the smaller does the inequality become. — 
Besides, to strengthen our conclusion, we hâve at hand 
another inductive method, that of Différence. As soon as we 
suppress the equality of the primitive magnitudes or of the 
added magnitudes, the equality of the obtained wholes disap- 
pears. As soon as we suppress the equality of the primitive 
magnitudes, or of the magnitudes taken away, the equality of 
the subsisting r^wâ:/«^rj disappears. Thèse two first equali- 
tics, then, are the antécédent of the third, as the third is the 
conséquent of the two first ; and we hâve a couple in which 
the two terms, obtained like cooling and dcw, are connected, 
like cooling and dew, without exception and without con- 
dition. 

But the two axioms thus formed may also be formed in 
another manner. In fact, let us lay aside expérience, let us 
close our eyes, and shut ourselves up in the confines of our 
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own mind ; let us examine the terms which make up our pro- 
positions ; let us attempt to find eut what it is we mean by 
the words magnitude and equality, and let us see what men- 
tal constructions we form, when we fabricate the îdea of a 
magnitude equal to another. — Hère we must distinguish be- 
tween artificial magnitudes in which the units are natural, 
and natural magnitudes in which the units are artificial. 
Let us examine them in turn, and first as to natural magni- 
tudes which we alsoterm collections. 

Take a collection of similar individuals, some flock of 
sheep, or a collection of abstract units, some mental group of 
pure units, picturcd to the eye by the same sign many times 
repeated. We call thèse collections magnitudes ; and, if wc 
give them this name, it is because, they are capable of becom- 
ing greater or smaller, while retaining theîr nature ; we mcan 
to say by this that we may, in fact or by thought, add to the 
flock onc or more sheep, add to the group one or more units, 
take from the flock one or more sheep, take from the group 
onc or more units. Let us now compare one of thèse collec- 
tions with another analogous collection* and make correspond, 
in thought or otherwise, a first object of the first with a first 
object of the second, a second with a second, and so on till 
one of the two be cxhausted. Two cases présent themseives. 
Eithcr the two collections are exhausted together ; the num- 
bcr of sheep is then the savte in the first and in the second 
flock, the number of units is the same in the first and in the 
second group ; and in this case we say that the two magni- 
tudes are equal. Equality, thon, means présence of the same 
number. — Or one of the two collections is exhausted before 
the other ; the number of sheep is then différent in the first 
and second flock, the number of units is différent in the first 
and second group ; and in this case we say that the two mag- 
nitudes are unequal. Inequality, then, means présence of two 
différent numbers. 



♦ Duhamel, " De la Méthode dans les Sciences de Raisonnement," i 5. 
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Now, for thèse Icinds of magnitudes, we arc able to prove 
the axiom. Let there be two equal magnitudes to which we 
add equal magnitudes. According to the foregoing analysis, 
this mcans that the first collection contains a certain number 
of individuals or of units, that a certain number of them is 
added to it, that the second contains the same number of in- 
dividuals or of units as the first, that the saine number of them 
is addcd to it as to the first, that, in the two cases, the same 
number is added to the same number, and that, thereforc, the 
two final collections contain the same number added to the 
same number, that is to say, the same total number of individ- 
uals or of units, whence it follows, from the définition, that 
the two sumsor final magnitudes are equal magnitudes. — And 
so again let there be two equal magnitudes, from which we 
take two equal magnitudes : according to the same analysis, 
this means that the first collection contains a certain number 
of individuals or of units, that a certain number of them are 
takcn from it, that the second contains the same number of 
individuals or of units as the first, that the same number of 
them arc taken from it as from the first, so that in the two 
cases the same number is diminished by the same number, 
ind that, therefore, the two final collections contain the same 
lumber diminished by the same number, that is to say, the 
rame remaining number of individuals or units ; hencc it inva« 
lîably follows, from the définition, that the two remainders or 
final magnitudes are equal magnitudes. 

From artificial magnitudes, let us pass to natural. The 
most important of thèse are the geometrical, since they serve 
as measures for ail the rest : times, velocities, forces, masses, 
etc. Thèse geometrical magnitudes are Unes, surfaces, solids ; 
and, if we term them magnitudes, it is because they may be- 
come greater or less ; we mean to say that, in fact or mental- 
ly, we may add a Une to a Une, a surface to a surface, a solid 
to a solid. Let us now compare a line with a line, or a surface 
with a surface, and apply, in thought or otherwise, the second 
to the first, taking care in doing so not to alter the second in 
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any way. Hcre, as before, two cases présent themselves. — Eî- 
ther thc second coïncides exactly and completely with thc fii st, 
so as to become absolutely confounded with it ; in thîs case, 
thc two hnes form only one and the same line; we then say 
that thc two magnitudes are equal. To say, then, that two 
magnitudes are equal, is to say that after the application, in 
othcr words, when omission and abstraction are made of the 
two distinct positions, the two lines, surfaces, etc., are the 
same. — Or else, the second line does not exactly and completely 
coïncide with the first; in which case the two lines, not being 
confounded, remain différent^ we then say that the two magni- 
tudes are unequal. To say, then, that two magnitudes are 
uncqual, is to say that after the application, in other words, 
whcn omission and abstraction is made of their two distinct 
positions, the two Unes, surfaces, etc., are différent. 

Now we can also prove the axiom for thèse kinds of mag- 
nitudes. Let there be two equal magnitudes added to two 
equal magnitudes. According to the foregoing analysis, this 
mcans that a certain primitive line, surface, etc., is given, that 
a complcmentary one is added to it, that a second primitive 
line, whcn its distinct position is omitted, is the same as the 
first line, that to it is added a complcmentary line, the same^ 
except as to its distinct position, as the other complementary 
line, that in the two cases, when abstraction is made of the 
distinct positions, the same line is added to the same line, and 
that, thcrefore, the two completed lines are the same line 
added to thc same line, that is to say, the same total line^ 
hence it follows, from the définition, that the two sums or 
total magnitudes are equal. — And so again, let two equal mag- 
Tiitudes be takcn from two equal magnitudes. According to 
the same analysis, this means that a certain primitive line, 
surface, etc., is given, that a portion of it is eut off, that a sec- 
ond primitive line is, when its position is omitted, the saine 
as the first, that from it is eut off a portion, which, except as 
to its distinct position, îs the same as the other portion eut off, 
that, in the two cases, when abstraction is made of the dis 
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tînct positions, the same lîne îs taken from the same line, and 
that, therefore, the two dimînîshed lines are the same lîne 
diminished by the same line, that is to say, the same remaining 
line, hence, it follows, from the définition, that the two re- 
mainders or final magnitudes are equal. — We mîght démon 
strate in the same way a third axiom, which is tnie of nat 
lirai magnitudes as well as of artificial, that îs to say, that two 
magnitudes each of which îs equal to a third magnitude are 
equal to one another. 

Let the reader take the pains to examine the artifice of 
this proof. By thought, and with the auxiliary confirmation 
of sensible facts, we make two artificial magnitudes corre- 
spond, feature for feature, or we make two natural magnitudes 
coïncide, élément for élément ; if this correspondence or coin 
cidence are absolute, the îdea of equality arises in us. We 
hâve watched its birth and disting^ish its foundation ; it com- 
prises a more simple élément and is reduced to the îdea of 
sameness ; in fact, in a certain aspect, when what it is neces- 
sary to omit is omitted, the two magnitudes become tfiesame. 
Consequently, in the inverse aspect, when what it is necessary 
to add is added, the same magnitude is transformed into two 
equal magnitudes. Cut away from the two magnitudes their 
distinctive characteristics, from the two equal artificial mag- 
nitudes the property of belongîng to two distinct collections, 
from the two equal natural magnitudes the property of having 
distinct positions ; they become the same magnitude. Con- 
vcrsely, take the same magnitude twice and attach it succes- 
sively to two distinct collections or to two distinct positions ; 
it will be transformed into two equal magnitudes. Under the 
Word equal àw^Ws the word same ; hère we hâve the essential 
Word ; this îs the latent îdea încluded in the îdea of equality 
When severed and followed through several intermedîate prop^ 
osi tiens, it reduces the axiom to an analytical proposition. 
By means of ît we connect the attrîbute to the subject ; wc 
Bee the îdea présent in both ; but, before wc saw it there, we 
had a presentiment that ît was there ; it was actually there. 
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and evîdenced îts présence by the constraînt ît exercîsed on 
our affirmation ; though not detected, ît performed îts office ; 
We felt indeed that two magnitudes being equal mîght, by 
that alone, be substituted for one anothcr, that, therefore, the 
aukmentatîon or diminution undergone by the second mîght 
be substi-tuted for the corresponding augmentation or diminu- 
tion undergone by the first. We divined wîth certainty, but 
without the power of stating the matter precisely, that in the 
two data and in the two opérations, there was something of 
the samc ; the analysis has only isolated this same thing, and 
has shown us in a distinct state the virtue it possessed în us 
in the latent state. 

V. There are twelve axioms of this kînd at the commence- 
ment of Euclid's geometry ; many of them are reduced to 
preccding ones ; others, comprising the ideas of whole, of 
part, of greater, of less, are easily demonstrated from the pre- 
liminary définition of thèse terms.* The last and more im- 
portant ones descrve to be studied apart ; they are the ones 
concerning the straight line and parallel lines. Let us first 
observe that the usual définition of the straight line is a bad 
one ; we say that it is the shortest which can be drawn from 
one point to another. This is not a primitive property, but 
a derived property ; we do not, in conccivîng it, watch the 
génération of the line ; we do not possess the éléments of the 
mental construction ; we do but hold one of its conséquences. 
Besides, " this definitionf reduces a notion to others which 
we do not possess and which are much less simple than the 
first. What in fact do we understand by a line being less 
short or greater than another ? It is that this line is made 
up of a part equal to the first and of a remainder of some kind. 
Now, two equal lines are those which may coincide, and con- 



♦ Read as to this, DuhameVop. cit ii. 3-6.— Equal angles are defined by the 
coïncidence of their sides ; the perpendicular by the equality of the two adjacent 
angles it makes ; the right angle by the perpendiculars, which form its Mdes. 

\ Duhamel, op. cit. p. 7. 
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sequently, equa'îty cannot be conceived between two Unes 
whose figure does not admit of superposition," which îs the 
case with the straight line referred to the other îndefinîtcly 
numerous broken or curved h'nes with which ît would be nec- 
essary to compare it in order to verify that it îs shorter than 
any of them. This is not the way in which the acute and sub- 
tle Greek analysts hâve defined the straight line ; Euclid does 
not admit at the outset that it is the shortest line between 
two points ; he proves ît later on, by comparing triangles of 
which ît forms a sîde, which prove it to be shorter than any 
broken line, then, by extending the case of the broken line to 
that of the curve which forms its limit. — We must seek then 
for another définition, and, according to our custom, watch 
its construction. Now we constructed it by considering two 
given points, and by observing the line described by the first 
point when it moves towards the second and towards the sec- 
ond only, as opposed to the line described, when, before mov- 
ing towards the second, it moves towards another or several 
other points, which produces a broken line, or, towards an in- 
finité séries of other points, which produces a curved line. 
We thus see that, in the straight line drawn from a point, the 
whole line, that is to say the straight line itself, being solely 
and completely determined by its relation with one second 
point alone, ail its characters, whatever they may be, known 
or unknown, are solely and completely derived from the rela- 
tion it has with this second point alone. 

Hence, two conséquences, one relating to the whole line, 
the other relating to its various parts. — If we start from the 
same first point, and trace another line which also moves to- 
wards the same second point, and towards this only, this 
second line does but exactly repeat the first ; for ail its char- 
acters, like ail those of the first, are completely and solely 
derived from the relations which, like the first, it has with 
this second point alone ; hence we see that the characters of 
the two lines, whatever they may be, known or unknown, are ail 
absolutely the samé, in other words, that thèse two lines are 
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confounded together and form but one:* this we express in 
various ways, by saying that between two points we can only 
draw one straight Une, that two points are sufficient to dé- 
termine the interposed straight line, that two straight lines 
having two points in common coincide in ail their interme- 
diate extent, and from this,we easily deduce that two straight 
lines which eut one another cannot enclose a space.t— So 
much for the whole line; let us now consider its various 
parts. Since the entire line described îs completely and 
solely determined by its relation te» the second point and de- 
rives thence ail its characters, each of its constituent portions 
îs solely and completely determined by the same relation and 
also dérives thence ail its characters, excepting one, namely 
— the property of being one particular portion and not 
another, situatcd at some spot or other of the line, at its 
commencement, its middle, or its end. Consequently, if we 
make abstraction of this particularity, ail the portions of the 
line hâve exactly the same characters, in other words, they 
are the santé. Let us effect this abstraction, and, for this, 
suppress the particular position of a fragment of the line, by 
taking it from the spot at which it is, for instance the end, 
by transferring it elsewhere, for instance to the beginning, 
and there applying it to the whole line. It will be con- 
founded with the portion on which it is applied, and the two 
fragments will make one only. Hence it follows that any 
portion of the straight line, taken from its position and ap- 
plied to any other portion of the whole line, will rigorously 
coincide with the portion to which it is applied.J 

When this is settled, we know the relation of any portion 
whatever of the straight line to any other portion whatevet 

* An enlirely analoi^ous démonstration shows that two circumfercnces whoae 
radii areequal bccome confonn'l^'d inlo nne sin«'lc one. 

t This last proposition is the I2th axiom of Euclid. 

\ An anaiogous démonstration shows that, in the same circle or in equal cir- 
des, any arc t -ansferred from its place, will exactly coincide with the portion of 
cîrciimference on which it may be placed. This anses from the circumferencc 
ting, like the straight line, a uniform line. 
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of thîs same Une, and are consequently able to follow ît, be- 
yond the two points through which we hâve drawn it, up to 
an infinité distance. In fact, take a straîght line A B, pro- 
long it to any distance beyond the point 

j =r ^^^^ B, put in such a way that it remains 

straight, that is to say in accordancc 
\\ ith ihe precedîng condition, in such a way that any one of its 
I)ortions may coincide with any other of its portions, therefore 
with ail those which arc comprised in its prolongation. Now, 
suppose a second straight line traced from A to B, and also 
prolonged to any distance ; we hâve already proved that bc- 
twecn A and B it will coincide with the first, but we must 
furthcr prove that, beyond B, however far we may prolong 
it, ît will coincide with the prolongation of the first line. For, 
let us assume that at some point or other it ceases so to coin- 
cide, and that, on leavîng the point C, for instance, it diver- 
ges above or below the first ; then let us take a portion of 
the line drawn common to the two Unes, A B for instance, 
and apply it to the first line, at the point C, so that it may 
extcnd beyond that point in both directions. Since the first 
line is straight, this portion will coincide on both sides of C with 
a fragment of the first line to which it has been applied. Since 
the second line is assumed to be straight, this same portion 
must also coincide on both sides of C with the fragment of 
the second line to which it has been applied. But this is 
conlradictory, since beyond C, the second fragment diverges 
from and ceases to coincide with the first. There is, then, a 
contradiction in the second line being straight and ceasing to 
coincide with the first. Its divergence excludes its straight- 
ness, and its straightness its divergence. If it has ceased to 
coincide with the first, it is from its having ceased to be 
straight ; in order for it to remain straight, it must con- 
tinue to coincide with the first ; in order for it always to re- 
main straight, it must always continue to coincide with the 
first, Consequently, two straight lines which hâve two points 
in common comcide throughout ail their extent, to whatever 

14 
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distance they may be prolonged; or agaîn, two points arc 
sufficicnt completely to détermine in a straight Une, not 
merely the portion joining them, but also the whole entire 
Une prolonged to any distance in both directions. 

" The définition and propcrtîes of the straight line," said 
D*Alcmbert,* " are the stumbh'ng-block, and, so to speak, the 
scandai of elementary geometry/* If I am not mistaken, we 
hâve now seen that thîs scandai may disappcar, and that the 
assumcd axioms are theorcms capable of proof. According 
to D'Alcmbert, parallel lines présent an analogous difficulty. 
It is rash, no doubt, to approach an obstacle which great 
minds and specialists hâve pronounced unsurmountable or un- 
surmounted ; but hère, happily, it is less a question of discov- 
ering a démonstration than of analyzing a construction ; we are 
doing the work of psychologists ratherthan of geometricians ; 
we are simply searching for the inner secret process by which, 
beneath the accessory and insufficient testimony of the eyes, 
we base the unshakablc conviction of the mind. — How do we 
form the notion of two parallel lines ? The usual method is, 
to erect a perpendicular at any point of a straight line lying 
in a plane, and another perpendicular at another point ; thèse 
two perpendiculars are said to be parallel to one another.f — 
Now, what is there primitive in this construction ? Nothing, 
«xcept that we suppose two straight lines, each of them per- 
pendicular to a third line, denoting by the name perpendicu- 
lar the straight line which, standing on another straight line, 
makes the adjacent angles equal to one another; it is from 
this construction that ail the properties of parallels must be 
deduced. — Now, what are thèse properties? We perceive 
that, in thèse two perpendiculars compared to one another, 
there is something the same\ in fact, each of them forms with 
the base the two same right angles ; and, in conséquence, one 
of the two with its angles, applied to the othcr, will coïncide 



♦ M'lange«î. — FclairciFserrcnts sur les Eléments de rhilt)so].l.ie \ ?»»- 
t D'Alembcrt proposer nn^^hîr construction, vcry analogous, l)ut somewha! 
less simple.— Op. cit., p. 202. 
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completely wîth the other and îts angles. They are, then, ex- 
cept in one cîrcumstance alone — their position at two différent 
points of the base — tlie sanie ; and thîs partial idcntity, pro- 
vided we know how to follow it, must be manifestcd by pré- 
cise conséquences. — Let us conceive the whole portion of the 
base intercepted by their feet to mount, with uniform motion 
remaining rigid and in such a way that one of its éléments 
traces, in rising, a pcrpendicular to the base. Since it is a 
straight line, ail its éléments are similar; cxccpt in their dis- 
tinct position, they are, as we hâve seen, the same élément: 
hence, it follows that, in their common asccnt, they will ail of 
them trace similar straight Unes — that is to say, the J^rwé» with 
the exception of their distinct position ; hence, it finally fol- 
lows that, as one of thèse lines is *perpendicular, ail the rest 
will be. This is why, if the extremity A traces 
a pcrpendicular in its ascent, the extremity B 
will trace another, and the line A B will, in its 
ascent, hâve traced two perpendiculars at A and 
B. But since it is always the same line A B 
which ascends, it will be everywhere the same at ail points of 
îts course, and as it is this line which measures the distance 
of the two perpendiculars, this distance will always be the 
same at ail points of the course. Hence it follows that the 
distance of the two perpendiculars invariably remains the 
same, and has as its measure the portion of the base inter- 
cepted by their feet ; hence it follows, à yi7r/ii?r/, that the two 
perpendiculars, having a distance invariably between them» 
will nevcr meet. 

This is, in my opinion, the secret mental opération which 
sustains and clcars up the évidence of our sensés, when we 
prove, or imagine that we prove, by the eye that the two per- 
pendiculars will always maintain the same distance from one 
«mother. We hâve better reason for admitting this, than the 
approximately equal durations of the sensations experienced 
through our ocular muscles. We hâve no need to apply re- 
peatedly the same measure to one of the perpendiculars, to 
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notfi wîth a pencîl the distance indicated by the first measare- 
ment, to compare it wîth those indicated by subséquent 
measuremcnts, and to verify, by recapitulation, that ail the 
measurcments agrée in indicating equal distances. The 
miud admits this equality on the spot, but because it has ît- 
self created the equality, it créâtes the equality by causing 
tlu same intact line to ascend, and also to descend ; it is vaguely 
conscious that, at the commencement and conclusion of its 
construction, this line is the same ; this is the silent réminis- 
cence which is added to the suggestion of the eye and antici- 
pâtes the vérifications of the measure, to render useless the 
cmploymcnt of the measure, and to confirm, by stronger évi- 
dence, the insufficient testimony of the eye. 

Such is not the case wîth the second principal proposition 
relating to parallel lines, and which is termed Euclid's 
postulate. It is in fact a postulate, and not an axîom. It 

M consîsts in saying that, if a line 
M B cuts obliquely the first par- 
allel D N, it wi!l also meet the 
second parallel O C. — Wehave no 
diflficulty in seeing the necessary 
and sufficient condition of this 
meeting. It is necessary and suf- 
ficient for the cutting line when 
prolonged beyond B to become suf- 
ficiently distant from the first parallel for a perpendicular N O, 
crected from its meeting to a point N, to be equal to A B the dis- 
tances of the two parallels. Will the line cutting the first parai- 

lel become sufficiently distant from it for this ? — We hâve no 

• 

difficulty in showing that its distance increases in proportion 
as it is prolonged ; for if, at any moment, this distance were to 
diminish or to cease to increase, any two subséquent points 
taken upon the line would be at an equal distance from the first 
parallel line, and, as two points are sufllicient to détermine a 
straight line» the cutting line would be confounded wîth a thîrd 
parallel passing through thèse two points, which is impossible, 
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since, by the prevîous proposition, two parallels cannot meet, 
and since, by hypothesîs, our oblique line meets the first par- 
allel. In proportion, then, as the cutting line is prolonged, ît 
becomes more distant from the first parallel, and the perpen- 
dicular which measures this distance is a continually increas- 
ing magnitude. — But our question still subsists. Will this in- 
creasing magnitude ever, in fact, increase sufficiently to equal 
a very great magnitude, and especially, any magnitude of any 
extent we please, as the distance of the two chosen parallels 
may be ? Reduced to thèse précise terms, the proposition 
leavcs us in a certain hésitation ; no doubt, at first sight, see- 
ing an oblique line sensibly inclined, and two parallels moder- 
ately distant, we decided that the oblique line, havîng met 
the first, would meet the second ; the point of junction was 
at no great distance ; we could perceive it with our eyes, or 
note it beforehand by imagination ; on thèse indications, we 
hâve inductively concluded with a show of truth that, how- 
ever small may be the degree of inclination, and however 
great the distance, the proposition will invariably be true. But, 
if we suppose the distance equal to the line which joins a fixed 
star to the earth, and the inclination simultaneously reduced 
to the hundred millionth part of a second, our eyes no longer 
avail us, our imagination fails, and we are disturbed. We be- 
come still more so, ifwe recollect that we may further in- 
crease the distance and diminish the inclination beyond thèse 
enormous figures, and so on indefinitely. We become still 
more unsettled when we observe that certain magnitudes in- 
crease indefinitely, without ever being able to attain a certain 
limit, that however enlarged and swollen, they invariably re- 
main below a given magnitude, that the séries i+i+J+è+»*» 
etc., always remains less than 2, and that perhaps our perpen- 
dicular is in the same position. — We must employ a more dél- 
icate analysis. Let us attempt it. We hâve hère no difïî- 
culty in observing that the point N becomes distant from the 
point B in proportion to the diminution of the angle madc the 
oblique line with the first parallel. We further observe that. 
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the angle rcmaînîng the same, the point N becomes distant 
from the point B in proportion to the increase in the distance 
of the parallels ; then, combinîng thèse observations, we con- 
clude that B N is a magnitude whose variations dépend on the 
variations of two other magnitudes. It would be necessary 
to give précision to this double dependence, and for thîs pur- 
pose to seek a fixed relation, not between the three magni- 
tudes, but between their parts, éléments, or fractions. In 
other words, it would be necessary to find in what proportion 
B N would be increased by halvîng the angle, and then, in 
what proportion B N would be increased by doubling the dis- 
tance of the parallels, and consequently, in what compound 
proportion the halving the angle and simultaneous doubling 
the distance would together increase B N. If we could dé- 
termine exactly this relation, not only should we be able to 
aflfîrm that, the angle being diminished as much as we please, 
and the distance increased as much as we please, the oblique 
line would always meet the second parallel ; but more than 
this, when given the angle and the distance, we should be 
able to say what would be the length of B N, and conse- 
quently, to mark on the second parallel the précise point at 
which the oblique line would meet it. — Unfortunately, the 
trigonometrical formulae which lead us to this are thcmselves 
founded on the supposition that the oblique line meets the 
second parallel. We are unable, then, to avail ourselves of 
them, and Euclid*s postulate remains a postulate, that is to 
say a proposition which we are willing to admit by tolérance, 
but which we are not forcibly compelled to give our adhé- 
sion to, and it is the opinion of the greatest authorities among* 
geometricians, that the various démonstrations which hâve 
been attempted, though sufficient to induce our assent, hâve 
not the analytical rigor appertaining to theorems and to axi- 
oms strictly so called. 

VI. The reader now sees how axioms are formed. Not 
only is the expérience of the eyes or imagination an indi- 
cation only, but moreover, this indication may, in certain 
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cases, fail ; just now we were unable, either with the exter- 
nal or internai eye, to follow the prolongation of the two 
parallel lines beyond a certain distance ; so agaîn, we may 
cite a figure such as the regular myriagon, which we havc 
never seeii drawn, which wc cannot draw in imagination, and 
as to which we can, neverthcless, form certain definîte judg- 
ments. Bcneath the process of the external or internai eye, 
there is a silent mental process, the repeated or continuous 
récognition of a circumstance which, supposed in the primi- 
tive construction, persists or reappears, always the saine ^ at 
the various successive moments of our opération. When, 
after having erected my two perpendiculars on a base, I fol- 
low them indefinitely in imagination without being able to 
admit that at some point or other of their course they ap- 
proach one another, it is because, involuntary and unawares, 
I carry with them the portion of base intercepted by their 
feet, and because, at every moment of the transit, this base, 
which is always the same in my mind, makes itself vaguely 
recognized by my mind as being always the same. — But 
though reason may be the real fabricator of the final convic- 
tion, the indication furnished by the sensés is of great value. 
For the testimonies of the eye and the imagination anticî- 
pate and confirm the conclusions of the analysis ; we are led 
to the axiom by a preliminary suggestion, and we are main- 
tained in it by a subséquent vérification. The sensible évi- 
dence serves as introduction and complément to the logical 
évidence, and it is by means of this agreement that arrthme- 
tic, geomctry, and even algebra, having immediately found 
their axioms, were of such early growth. — This was not the 
case with mechanics. In this science, the axioms do not 
concur with the inductions of expérience ; at least, they do 
not concur with the inductions of ordinary expérience. For 
instance, axioms teH us that matter is inert, incapable of 
spontaneously modifying its state, of passing from rest to 
motion when it is at rest, and from motion to rest when it is 
in motion. Now, wc are daily seeing bodies passing from 
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motion to rcst or from rcst to motion, and as ît seems, spon- 
taneously, and without the appréciable intervention of a new 
condition. A projccted stone,anoscillatingpenduIum,finaIly 
stop, and we are tempted to believe that they stop of them- 
selvcs; a mixture explodes, an apple falls from the tree, 
without our sensés detecting the new circumstance wliich has 
bccn added to the former state and has thus produced the 
new. Throughout the whole of antiquity and of the middie 
âges, philosophers recognized tendencies to rest or motion, 
various in various bodies, the tendency downwards in the 
falling stone, the tendency upwards in air and fire which rise, 
the tendency to pcrfect circular movement in the revolving 
stars, the abhorrence of a vacuum, etc. It was at the Ren- 
aissance only, with Stevinus and Galileo, that mechanics com- 
menced ; and, most probably, the cause of this long delay 
was the disagreement of ordinary induction and of pure 
reason/ In place of leading us to the axiom, expérience 
turncd us from it ; instead of confirming it, expérience denied 
it. Wc had no assistance in forming it, and if we could 
hâve formed it, observation, as then practised, would hâve 
bcen sufficicnt to upset it. We hâve ended by forming It, 
and expérience, better directed, is now found to be in ac- 
cordance with it. Further than this, it has been so wcll di- 
rected, and, in certain cases, as that of Borda*s pcndulum, is 
found so conclusive that, according to many authors, induc- 
tion is the only real proof of the axiom ; they look on the 
principles of mechanics as propositions analogous to the 
principle of attraction, established like it by pure induction, 
limitcd like it by the small circle and small duration of the 
world our observation can attain, incapable like it of being 
applied beyond this exccpt by conjecture, and, like it, simply 
probable, when our rashncss wishes to cxtend their empire 
over ail portions of spacc, or to ail moments of time. 

For ourselves, we are inclined to think, with Leibnitz and 
D'Alembert, that among the principles of mechanics, are 
many which are not merely truths of expérience, but also 
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analytical propositions. In order to show thîs, let us closely 
examine our constructions. — Take a movable body moving 
uniformly in a straight line for as short a time as we please, 
and traversing as short a space as we please ; this is what we 
may term îts initial, or primitive movement ; will it continue 
to move, and, if so, what will be its movement ? — However 
short may be the time first elapsed, for instance, the millionth 
part of a second, and however small may be the space first 
traversed, for instance, the thousandth part of a millimètre, 
we can consider successively two halves in this time and two 
halves in this space. As, according to bur supposition, the 
movement has been rectilinear, the second two-thousandth of 
a millimètre described will be in a straight line with the first. 
As, according to our supposition, the movement has been 
uniform, the space traversed in the second two-millionth part 
of a second is the same in magnitude with that traversed in 
the first. Hence two conséquences follow. Neither the di- 
rection nor the velocity of the body hâve been changed. The 
direction it had during the first fraction of space has remained 
the same during the second. The velocity it had during the first 
fraction of time has remained the same during the second. 
Whcther the fraction be the second or first, matters not ; the 
character which forms their différence has had no influence on 
the movement ; as regards the movement, this character has 
been indiffèrent and, îf I may venture to say so, nulL — But, 
among the similar fractions of ulterior space and consécutive 
duration, we may conceive one immediately following our 
second fraction, after the second two-thousandth of a millî- 
mètre of traveised space, a third one, after the second two- 
millionth of a second of time employed, a third one. This 
third, taken in itself and compared with the second, differs 
from it only as the second differs from the first ; it comes 
after the second as the second comes after the first ; nothing 
more. Hence it follows that, since the character by which 
the second differs from the first, that is to say the property 
of coming after it, has had no influence on the movement, 
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the character by which the third diflers from the second, 
that is to say the property of comîng after it, will hâve no 
influence on the movemcnt ; as regards the movemcnt, thîs 
character will also be itidifferent and null^ and, as during the 
second moment the body continued its uniform and rectili- 
near movemcnt, so during the third moment, without the 
introduction of a new influential character, it will continue 
its uniform and rectilinear movement. The same reasoning 
will apply to the fourth, the fifth, and succeeding moments, 
and so on to infinîty. 

Reduced to thèse terms, the proof îs rîgorous. It îs 
wholly founded on two observations : one being that two 
equal and contiguous portions of space, like two equal and 
successive portions of time, are exactiy the same, excepting 
this différence, that the second is after the first ; the other 
being that, if this différence has not, in one instance, had any 
effect upon the movement, this same différence will not, in a 
second instance, hâve any effect upon the movement, on 
condition that, in the second instance, it is absolutely the 
samCj and that no other new and influential différence has 
intervened. For this we provide, by assuming that the third 
fraction of time and space repeats the second absolutely and 
in ail respects ; that, no disturbing character being met with 
in the second, no disturbing character will be met with in 
the third ; that in the third space and third instant, as in 
th , second space and second instant, no foreign and influen- 
tial character has been added to arrest, alter, hasten, or re- 
tard the movement ; that, the little space first traversed 
bein| empty, the infinité space remaining to be traversed is 
also mpty; that, the short duration first elapsed having 
pies< .ited no modifying event, the infinité duration which 
remains to elapse will not présent one. In shcrt, we con 
clude from a place to a différent place, and from an instant 
to a différent instant, with authority and certainty, when 
this différence, having manifested its absolute want of influ- 
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ence, may be considered as null with référence to thc move- 
ment, and when, every other înfluential différence being ex- 
cluded by hypothesis, the two places and two instants be- 
come rigcrously ihe same with référence to the movcmcnt. 

The readcr sees without difficulty that an analogous and 
siill more simple reasoning applies to the case of a body at 
rcst ; for we hâve not thcn to take account of space, but 
.siniply of time. — Let a body be at rest during a time as short 
as we please ; as this time is divisible into two halves, we "'^ 
shall dcmonstrate as before that, the body having remained ] 
during the second half in the same state as during the first, 
the character by which the second half dîfTers from the first, 
that is to say the property it has of coming after it, has had 
no influence on this state ; hence it follows that a third equal 
fragment, eut ofif from consécutive duration, will not hâve 
any influence, unless thcre be made to intervene some new 
înfluential circumstance, some foreign eflective event. This 
îs why the primitive rest will be maintained, so long as this 
exclusion is maintained, and however short may be the initial 
state, the body at rest, as well as the body impressed with a 
uniform rectilinear motion, will tend to persévère indefinitely 
in that state. 

Observe the restricted range of the axiom, when thus de- 
monstrated and understood. It does not in any way establish 
that a body impinged on by another will assume a uniform 
rectilinear movement, nor that a body impressed with a uni- 
form rectilinear movement may lose it under the force of an 
impact, and will then remain indefinitely at rest ; thèse truths 
are matters of induction and expérience. We are elsewhere, 
in the pure région of abstract truths ; we no longer know 
whether, in fact, there be any movable bodies at rest or in 
motion ; we do but extract and follow out the conséquences 
included in an initial supposition or construction. — This is why 
simple analysis has been so far suflficient and will alsobesuffi- 
cient to demonstrate two other capital propositions of mechan« 
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_B ics. Take an inflexible straîghtlineAB; sup- 
pose it to move altogether and in such a way 
as always to remain parallel to its first posi- 
tion ; after a certain lime it becomcs A' B' par 
allel to A B, and we assume thistime to bea 
second. Now suppose that, during this move- 
ment of the whole line, a movable point, sit- 
uated at A, is itself directed in a straight Une 
towards the point B, in such a way as to traverse, also in a 
second, that is to say in the same lapse of time, the straight 
linc A B. We thus assume for A two simultaneous and dif- 
férent movements, the one common to it with the other 
points of the Hne A B, the other spécial to itself. — Observe 
that we do not know if things happen thus in nature. There 
is nothing to prove that our mental combination has, or evcn 
can hâve, its counterpart in real combinations. We might im- 
agine a State of things in which, from the very fact of a body 
moving in one direction, it would be impossible for a portion 
of that body to move at the same time in another direction. 
But we hâve not hère to trouble ourselves with what the laws 
of real things permit or deny ; we suppose, in our movable 
body, the independence of two simultaneous movements 
taking place in opposite directions, reserving a vérification 
later on by expérience as to whether the facts do or do not 
adjust themselves to this conception. — From our two hypoth- 
èses, what follows? By the first it is admitted that the 
straight Une A B, mounting towards A' B', becomes, at the end 
of a second. A' B', and that thus, at the end of a second, the 
point B arrives at the point B'. By the second, it is admitted 
that the movable point situated at A is transferred from A 
to B, also in a second, without the ascent of A B interfcring 
in any way with this movement of translation. This ascen- 
sion, then, is indifférait and null with respect to the transla- 
tion, and the movable point travels along A B in motion, as 
it would along A B at rest. Hence it follows that, at the end 
of a second, it has arrived at the extremity of A B in motion 



CllAP. II.J 



GENERAL JUDGMENTS. 



221 



just as ît would hâve arrîved, at the end of a second, at the 
cx.remity of A B at rest. But, at the end of a second, the 
extremity of A B in motion is B' ; therefore, at the end of a 
second, the movable point is at B'. Hence we see that havîng 
started from the angle of the parallelogram it has reached the 
opposite angle. 

We hâve now to enquire what line it has described in this 
transit. Two cases may présent themselves, that of uniform 
motion, and that of motion which is not uniform. We shall 
only examine the first, the sîmplest of ali : in this case, the 
velocity of A B has remaîned the same throughout ail its as- 
cent, as also the velocity of the movable point A throughout 
ail its translation. Consequently, at the end of half a second, 
A B is found to be exactly in the middle of 
îts whole transît, that is to say at C D, and '^^ 
at the end of the same half second, the mov 
able point A is found to be exactly in the 
middle of its whole transit, that is to say at 
S. But as A B has mounted in the mean- 
time to C D, the point S belonging to it has *j- 
mounted with it, and is to be found atS',the 
middle point of C D, as S is the middle point of A B. Very 
simple geometrical considérations show that this point S* is 
on the diagonal, that is to say on the straight line joining A 
and B*. By subdividing the divisions of the second, we should 
prove in the same way that ail the other successive positions 
of the- movable point are likewise on the diagonal, hence it 
follows that the line it describes in its whole double move- 
ment of ascension and translation is the diagonal. — Hence, a 
very important conséquence : our movable body which would 
hâve described the line A B in a second, and the line A A' 
also in a second, likewise describes in a second the diagonal 
A B '. Since, then, the times employed are the same, and the 
spaces traversed are différent, the velocity of the compound 
movement will not be the same as the velocities of the com- 
ponent movements, it will be rcpresented by the diagonal» and 
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they will be rcprcsented by the two sîdes of the angle, thèse 
three lincs bcing the measure of the spaces traversée! in the 
unit of time. Now, we hâve measured force by the greater 
or less velocity it impresses on the same movable body. 
Suppose now two forces applied to the preceding movable 
body, onc which, if acting alonc, would make it traverse the 
Une A B in a second, the other which, if acting alone, wouid 
make it traverse the line A A', also in a second ; app^y tnem 
both together to the movable body ; we hâve just seen that 
it will traverse the diagonal in a second. Hence it follows that 
the resulting force, estimated by the impressed velocity, is to 
the component forces, estimated also by the impressed veloc- 
ity, as the diagonal is to the two sides of the angle. There- 
fore the diagonal measures the resulting force with référence 
to the component forces, just as it measures the compound 
velocity with référence to the component velocîties. — It îsnow 
sufficient to insert, in the measurement of forces, the second 
élément of force, mass, and we hâve already shown how this 
idea is connected with the idea of velocity.* When wehave 
done this, we possess ail the essential axioms of mechanics, 
and we hâve formcd them, as ail other analytical propositions 
are formed, by the simple analysis of the mental combination 
in which thcy were included in a latent state. 

VII. Other less fruitful axioms are also worthy of démon- 
stration by reason of their immense range, and the prodigious 
power they seem suddcnly to confer on the human mind. 
Thèse are the ones relating, not to particular times comparcd 
with other times, nor to particular spaces compared with 
other spaces, but to the whole of time and the whole of 
space. With référence to a given moment, duration is in- 
finité in the future and the past, and we may picture it by a 
straight line which starting from a given point is infinité in 
both directions. With référence to a given point, space is 
infinité, in three dimensions ; first, in length, which wc picture 
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by supposing a point whîch moving in a straîght Une génér- 
âtes in two directions an infinité straight line ; then in 
breadth, which we picture by supposing this infinité straîght 
line by moving in a direction pcrpendicular to its own to 
generate on both sidcs an infinité surface ; lastly, in depth, 
which we picture by supposing this infinité surface by mov- 
ing in a direction pcrpendicular to itself to generate on both 
sides an infinité gcomctrical solid. — Thèse are propositions 
which we cannot prevcnt oursclves from holding to be true, 
and thereupon our imagination gîves itself scope ; we repre- 
sent to ourselves time and space as two infinité, uniform, in- 
destructible réceptacles. In the one are included ail real 
events, in the other, ail real bodies. However long may be 
a séries of real events, for instance, the séquence of changes 
which hâve occurred since the origin of our solar System, 
however vast may be a group of real bodies, for instance, the 
collection of ail the stellar Systems to which our télescopes 
can reach, the réceptacle extends still further ; however we 
might increase the séries or the group, it would always ex- 
tend beyond them, and the reason is that the réceptacle has 
no limits. We remain startled, and ask ourselves by what 
marvellous opération of the mind we hâve been able to dîs- 
cover so marvellous a property. — But our astonishment îs 
diminished when we observe that the same property is met 
with in ail magnitudes, and is at an end when we find that it 
îs comprised in the définition of magnitude. — ^Take the sim- 
plest of ail magnitudes, a collection of individuals or units, as 
small as we please, that is to say containing two units. To 
construct it, I hâve supposed two precisely similar units, that 
is to say the same unit repeated ; I hâve then added the 
second to the first, i to i, supposing the second unit to be 
the same before as after the adjunction, in other words, that 
the second i, when added, remains intact and absolutely such 
as before. Since the second i is the same as the first, I may, 
when it is alone, perform on itthe opération which I havejust 
performed on the first, and therefore add to it i. Since the 
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second r, after its adjunction to thc first, rcmains absolutely 
such as it was before^.I may add i to it when it is added to 
the first, just as I added i to it when it was alone. I may 
then add i to i + i, that îs to say to 2, just as I hâve aiready 
added i to i. An analogous reasoning shows that we may 
similarly add i to 3, then to 4, to 5, to 6, and in gênerai, to 
any number whatever. Thus every adjunction we effect 
générâtes the possibility of another similar adjunction ; hence 
it follows that the séries of numbers is absolutely infinité. 
There is no number, however enormous, which may not be 
comprised in this séries; it is, as regards imaginable num- 
bers, what duration is wîth regard to real or imaginable 
evcnts, what space is with regard to real or imaginable 
bodies, a boundless réceptacle in which every determined or 
determinable number comes necessarily to find a place, some- 
times above, sometimes below, but always in a précise spot, 
without ever the number, swollen as enormously as we please, 
ceasing to be contained by the séries like a thing enclosed by 
things bcyond it. 

So much for collections which are artificîal and dîscontîn- 
uous magnitudes ; thc same reasonings applies to times, lines, 
surfaces, solids, which are natural and continuous magnitudes. 
Take any portion whatever of the straight line A C ; the first 
notions of geometry show us that it may be divided into two 
equal straight lines, A B, B C, the second of which, if applied 
to the first, intact and without altération, will coïncide with 
it cxactly ; therefore, except as to its position following the 
fiist, it is the same as the first, and moreover, by hypothcsis, 
it is the same as before its translation. Since the second 
line is the same as the first, I may, when it coincides with 
the first, perform on it the same opération as upon the first, 
and therefore prolong it, like the first, by a line equal to 
itsclf. Since the second line is the same, now as before its 
translation, I may before translating it, that is to say when 
it still prolongs the first, prolong it, like the first, by a line 
equal to itself. I may, then, prolong A B C by C D just as 
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I pfolonged A B by B C. An analogous 



A B C D E démonstration shows that we can similarly 

prolong A B C D by D E and so on, how- 
cver great may be the line so constituted. Every prolonga- 
tion we effcct, then, générâtes the possîbility of another 
equal prolongation, whcnce it follows that the séries of pro- 
longations is absolutely infinité. — The reader readily per- 
ceives that, with the necessary changes of words, thîs analy- 
sis becomes equally applicable to surfaces, solids, times, and 
rigorously demonstrates the infinity of time and space. — ^All 
the artifice of the proof consists in obscrving two éléments 
of a gîven magnitude, and remarking that they are the satm 
cxcept as to their différence of position in the magnitude, 
that thîs différence is itself indiffèrent^ that is to say of no 
effect and without any influence on thcir nature, that, there- 
fore, the increase given to the first élément by the second 
may bc given to the whole by a subséquent third élément, 
and in gênerai, to every other analogous whole by a subsé- 
quent élément. What créâtes the infinity of the séries, are 
the propertîes of its éléments. So again, it is by comparing 
together the éléments of infinité séries that we compare 
together such séries themselves. This is the process by 
which I know that the infinité séries of even numbers is 
equal to the infinité séries of odd numbers, and that each 
of them is half of the infinité séries of numbers. This is the 
process by which I know that the infinité surface comprised 
above a straight line between two perpcndiculars a mètre 
apart, is equal to the infinité surface comprised by the same 
pcrpendiculars when prolonged below the line, and that 
thèse two infinité surfaces taken together are two-thirds of 
the infinité surface comprised above the line by two pcrpen- 
diculars three mètres apart. Thus, when we study the ax- 
îoms which removes ail limit from the possible increase of 
any magnitude, and which sets out this magnitude when in- 
finitely increased, as a permanent réceptacle in which every 

limited magnitude of the same kind must necessarily find its 
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place and somethîng beyond it, we find only, as în the othei 
axioms, an analytical proposition. It has been sufficient in 
every case for us to examine attentively our mental construc* 
tion, to detect in it conditions whîch are understood, the 
latent identity of one datum and another, the latent indiffcr^ 
ence of a character which seemed to separate the two data, 
identities and indifférences which we did not perceive at 
first, since our supposition had not expressly enunciatcd 
them, but which were iievertheless tacitly included in our 
hypothesis, and which, before they were brought to light, 
revealed their secret présence by the invincible inclination 
they impressed on our belief, and by the complète évidence 
with which they enlightened our judgment. 

VIII. We now see how it is that the contraries of axioms 
and their conséquences are not only incrcdible but incon- 
ceivable; it arises from their being contradictory; in this 
scnse, axioms and their conséquences are necessary truths. 
There is no question of greater importance in psychology 
for no question has more important conséquences in philoso- 
phy. In fact, thèse kinds of propositions are the only ones 
which are applicable, not only to ail observed cases, but to 
ail cases, without possible exception ; hence it follows that, 
on their value, dépends the reach of human knowledge. But 
their value dépends on their origin ; it is essential, then, to 
know whence they spring, and how they are formed. To 
this, two original and still existing schools givc two opposite 
answers. Lct me be understood to speak only of doctrines 
which hold a place on the world's stage, and of philosophers 
who hâve constructcd their doctrines without other care than 
that for truth. — Of the two principal answers, the first is that 
of Kant. According to him, thèse propositions are the work 
of an internai force, and the effect of our mental structure. It 
is this structure which effects the connection between the 
two ideas of the proposition ; if the idea of straight line, 
that is to say of a certain direction, is joined in my mind to 
the idea of the least distance, that is to say of a certain 
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magnitude, it is not because this direction and this distance 
are in themselves connected, it is because my intelligence is 
fashioned in a certain way, and, being so fashioned, cannot 
avoid establishing a connection betwecn the two ideas which 
it has of this distance and of this direction. In fact, the two 
data taken in themselves are of différent kinds; there is no 
point of real connection between them. Consequently, the 
invincible mutual attachment which I observe to exist be- 
tween them in my mind fînds its explanation, not in their 
intrinsic nature, but in the mental médium into which they 
hâve been introduced. My mind has not ascertained their 
connection, it has constructed it. We must admit, then, 
that thèse propositions reveal to us a necessity of our mind, 
and not a connection of things. In the narrow circle to 
which our expérience is confined, we may, indeed, establish 
by induction, that the corresponding sensible data are ap« 
proximately connected ; but to affirm that in every place and 
at every time thèse abstract data are connected and nccessarily 
connected, is what is not allowed us ; we hâve no right to im- 
pose on facts a connection which belongs only to our ideas, 
nor to set up an infirmity of the subject as a law of objects. 
Starting from the opposite view, Stuart Mill arrives at a 
similiar conclusion. According to him, thèse propositions 
hâve as their cause an external force, and are, like other truths 
of expérience, the summed-up impression left on our mind 
by things. Considering two sensible lines sensibly perpen- 
dicular to a straight Une, we verify by an infinity of readily 
effected measurements that they remain equally distant from 
one another. Further, we observe that, the more exactly 
they are perpendicular, the more exactly equal are their 
distances. Hence it follows that, if they were rigorously 
perpendicular, their distances would be rigorously equal. From 
the equality of thèse distances on our paper, we conclude by 
induction that, far beyond our paper and at an infinité dis« 
tance, they would still remain equal. If the contrary sup- 
position is inconceivable, it is owing to our imagination exactly 
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repeatîng our vision whîle giving ît greater range ; the interna] 
cye does but add a télescope to the extemal eye ; therefore, 
we cannot imagine the two perpendiculars other than as 
we see them ; we cannot, then, prolong thcm mentaily, wîth- 
out rcpresenting them to ourselves as still equally distant. — 
Hencc it follows that the truths termed necessary, having 
the same origin as the truths of expérience, are subject to 
the same restrictions and the same doubts. By the axiom as 
to parallel Unes just as by the law of the movement of the 
plancts, we provc the constant association of two data, which 
are, in fact, constantly associated in nature ; but this associa- 
tion is not a connection, it is merely a concurrence. Taken 
in thcmselves the two data are nothing more than incidents 
which coïncide ; there is no internai necessity in them which 
assembles them in a necessary couple. Perhaps, beyond our 
little world, thcy are found disconnected ; at ail events, we 
liavc no right to affirm that beyond it they are in ail places 
and in themsclves, connccted. A mînd constructed upon 
another model than ours might perhaps readily conceive 
varying distances bctween our two perpendiculars. It may 
be that, beyond the nebulœ of Herschel, none of our laws are 
true, and there may even bc no law which holds good. — We 
are, then, inevitably driven back from the infinité ; our fac- 
ulties and our assertions can in no way attain to it ; we remaîn 
confined in a veiy small circle ; our mind cannot carry itself 
beyond the range of its expérience ; we cannot establish any 
universal and necessary connection between facts ; perhaps, 
indeed, no such universal and necessary connection exists. — 
By following out this idea to its fuU extent, we should arrive 
at the conception of the universe of events and beings as a 
simple collection or heap. There would be no internai ne- 
cessity for their connections or existence. They would be 
pure data, that is to say, things accidentally existing. Some- 
times, as in our System, they would be found assembled in 
such a way as to bring about regular récurrences ; somctimes, 
they would be so assembled that nothing of the sort would 



Chap. nj GENERAL JUDGMENTS. 22g 

occur. Chance would be, as Democrîtus taught, at the foun- 
dation of ail thîngs. Laws themselves would be derived from 
it, and would only be derived from ît, in certain places. It 
would be with beings as wîth recurring décimais, whîch, 
according to the hazard of what may be theîr two primitive 
factors, sometimes expand in regular periods, and sometimes 
not, and which generate their successive ciphers, sometimes 
according to a law, sometimes without foUowing any law. 

Hère are two hîgh conceptions, and the powerful minds 
which formed them are worthy of ail admiration and respect ; 
but we must examine the foundation on which they are 
built, and, in my opinion» this foundation is not solid. — Ac- I 
cording to Kant, there is no necessaiy connection between \ i\^ 
the two data ; if there is an invincible connection between .' 
the two corresponding ideas, its cause lies, not in the struc- 
ture of the data, but in the structure of our mind. We rec- 
ognize, with Kant, an invincible connection between the two 
îdeas. But between the two data, which are the objects of 
thèse ideas, and to which he refuses any intrinsic connection, 
we hâve discovered an intrinsic connection ; for the first, in a 
latent manner, contains the second, from which it foUows 
that the contents being inséparable from what contains them, 
the unsurmountable connection between our ideas is indes- 
tructible between their objects. — According to Stuart Mill, 
whether there be a connection between the two data or not, 
we are incapable of knowing it ; for the two data are con- \^f^ 
nectcd by induction alone ; and ail induction can prove be- ; 
tween them is that they are constantly found together, that i 
is to say, an association of fact. We admit, with Mill, that 
at the outset and in many minds they are only connected by 
induction ; but we hâve proved that they may also be other- 
wise connected. We can represent two perpendiculars upon 
a straight Une by imagination, but we can also conceive them 
by reason. We can consider their sensible image, and also, in 
addition to their sensible image, their abstract définition. We 
can study them ready constructed and generated, but we can 
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also study them during their construction and génération, in 
/ their factors and their éléments. We can watch their forma- 
' tion and detect the ascension of the base which générâtes them, 
just as we can watch the formation of the cylinder and detect 
the rectangle by whose révolution it is described. From thîs 
construction we extract the included properties, andthus form 
by analysis the proposition we at first formed by induction. — 
Thanks to this second process, the range of our mind îs ex- 
tended infinitcly. We are no longer capable only of relative 
and limitcd knowledge ; we are also capable of absolute and 
unlimited knowledge ; in axioms and their conséquences we 
hold data, not only accompanying one another, but such that 
one includes the other. If, as Mill teaches, they only ac- 
companied one another, we should be driven to conclude with 
him that this might not always be the case ; we should see 
no internai necessity for their junction ; we should simply 
State it as a fact ; we should say that the two data being iso- 
lated in their nature, circumstances might be found in which 
they would be scparate ; we should only aflfirm the truth of 
axioms and their conséquences relatively to our world and 
our mind. But since, on the contrary, the two data are such 
that the first includes the second, we establish by that alone 
the necessity of their junction ; the first, wherever it may 
be, will involvc the second, since the second is a part of it- 
self, and since a datum cannot be separated from itself. There 
is no place between the two for a circumstance to intervene 
to disjoin them ; for they are but one thing in two aspects. 
Their connection, then, is absolute and universal, and the 
propositions which concern them do not permit of doubts, 
limits, conditions, or restrictions. — In truth, thèse proposi- 
tions are hypothetical ; ail they affirm îs that, if the first 
datum be anywhcre met with, and espccially in nature, the 
second datum cannot fail to be also met with thcrc, by con- 
séquence and correspondence. It remains, then, for us to 
provc that there are, in fact, cqual magnitudes, artificial and 
natural straight Unes, lines perpendicular to a straight line. 
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bodies motionless or moving for a very short time at least 
uniformly in a straight line, movable bodies possessed of 
constant velocities in différent directions, homogeneous sub- 
stances exactly divisible into equal portions, in short, real 
data conforming to our mental constructions. To show thîs, 
it is necessary and sufficient for expérience to întervene ; in 
fact, in many cases, in astronomy, optics, acoustics, it ascer- 
tains that certain existing things présent the required charac- 
ters, or at least tend to présent them, and would présent 
them, if we could effect upon them the proper éliminations. 
In ail thèse cases the necessary propositions are applicable^ 
and the real data hâve the intrinsic connection which Kant 
and Mill deny them. — Thence follow vast conséquences, and 
a view of the foundation of nature, the essence of laws, and 
the structure of things opposed to those of Kant and Mill. 



CHAPTER III. 

THE CONNECTION OF GENERAL CHARACTERS, OR THE EX- 

PLANATORY REASON OF THINGS. 

§ I. Nature of the Explanatory Intermediate. 

I. When we hâve ascertained a connection between two 
data, possible or real, ît often happens that this connection is 
explainable, and we are then able, not only to afHrm that the 
two data are connected, but also to say why they are con- 
nected. Between the two data whîch form a couple, there is 
found another, an intermediate one, which, being connected 
on the onc side with the first, and on the other sîde with the 
second, produces by its présence the connection of the second 
and first, in such a way that this last connection is derived 
and présupposes, as conditions, the two preliminary connec- 
tions whose efiect it is. In this case we conceive the two pre- 
Hminary connections by two preHminary propositions which 
we term pr émises , and we conceive the derived connection by 
a derived proposition which we term conclusion, — Nothing can 
be more important than this intermediate datum, since it is 
the onc which, by its insertion between the two data, consol- 
idâtes them înto a couple. We must attempt to find out in 
what it consists, how we discover it, where we ought to search 
for it. When this is done, we shall hâve no difficulty in com- 
prehending the formation of the two premises into which it 
enters, and of the conclusion whîch results from them. 

IL There is a case in which we know ail this, that of în- 
dividual objects subject to known laws. For instance. Peter 
is mortal ; the two lînes drawn on this slate perpendicularly 
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to a third lîne are parallel : hère are couples oFdata în whiçb 
the first member is not gênerai, but an individual, particular, 
(Ictermined object. — Moreover, thèse objects are subject to 
known laws ; we know that ail men, among whom îs Peter, 
are mortal, that ail straîght lînes perpendicular to another 
straight lîne, ainong which are the lines on our slate, are par- 
allel. — Now, în thîs case, the explanatory intermediate whîch 
connccts the enounced property to the îndîvîdual object îs the 
first term of a gênerai law : if Peter is mortal, ît îs bccause he 
îs a man, and l)ecause evcry man îs mortal ; if our two lînes 
are parallel, ît is because they are perpendicular to a third, 
and because ail straîght lines perpendicular to a third straîght 
line are parallel. But man îs a character încluded in Peter, 
an extract from him, more gênerai than he is ; so pcrpendicU' 
lar to a third îs a character includcd în our two lines, an ex- 
tract from them, more gênerai than they are. — Hence we sec 
that, in the case of îndîvîdual objects subject to known laws, 
the intermediate whîch connects the enounced property with 
each object îs a character încluded in ît, more abstract and 
more gênerai than ît is, common to it and to other analogous 
objects, and which, involving by its présence the property 
enounced, draws thîs property with it in each of the individ- 
uals to which it appertains. 

Lot us now inquire în what thîs intermediate consîsts, 
when it is a question, not of Connecting a property to an îndî- 
vîdual object, but of Connecting a property to a gênerai thing. 
In other words, from the explanatîon of facts, let us pass to 
the explanation of laws, and, for thîs purpose, let us examine 
some of the laws of whîch the rcason and the why are now 
discovered. — In the seventeenth century, after the experî- 
ments of Galilco and Pascal, it was known that ail terrestrîal 
bodies tend to fall towards the earth, and, after Copemîcus 
and Kepler, it was understood that the carth and ail the 
other planets tend to fall towards the sun. Newton came and 
proved that the two tendencies are the same ; gfravitation is 
common to celestial, as well as to terrestrial, bodies, and, more 
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generally, to ail bodies. From that tîme ît was known wky 
terrestrial bodies tend to fall towards the earth, and iL^iy the 
plancts tend to fall towards the sun. The weight of the first, 
and the centripetal tendency of the others, had as reason a. 
propcrty common to'both ; the two laws were cases only of a 
tlîird and more extensive law. From the group of characters 
which constitute a terrestrial body, Newton retained one only, 
the propcrty of being a mass with référence to another mass ; 
he eliminatcd the rest. From the group of characters which 
constitute a planet, he retained one only, the property of be- 
in^ a mass with référence to another mass ; hère again he 
eliminatcd the rest. He had, then, derived from the two 
groups a çencral and abstract property, more gênerai and 
more abstract than either of them, contained in each of them 
like a part in a total, like a fragment in a whole, like an ele« 
ment in a sum. Instead of Connecting, like his predecessors, 
weight to the first whole group, and centripetal tendency to 
the second whole group, he connccted the weight and the 
centripetal tendency to an clément found alike in both of 
them. — By this brillaint example, we see in what the inter- 
mcdiatc datum furnishing the reason of a law consists. Given 
the object subject to the law, this datum is one of its charac- 
ters, a character comprîsed in the group of characters which 
constitute it, a character included in it, more abstract and 
more gênerai than it, in short, an extract to be extracted. — 
Lct us follow out the séries of whys^ and we shall see that such 
is indeed the nature and position of the bccauses^ or alleged 
reasons. — Why docs this stone tend to fall ? Because at the 
surface of the earth ail stones, and more generally still ail sol- 
ids, or Hquîds opposing any résistance to our muscles, tend to 
fall. — Why do ail thèse solids or liquids tend to fall ? Because 
ail masses at the surface of the earth, whatever they may be, 
solid, liquid, or gaseous, tend to fall. — Why do they tend to 
fall ? Because not only at the surface of th^ earth, but still 
furthcr distant, as we havc proved in the case of the moon, in 
ail our solar System, as is the case with the planets and their 
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satellites, with cornets and the sun, far beyond again, as hap- 
pens with the double stars, every mass, as soon as it is in re- 
lation with another mass, tends to approach it. — Why this 
strange tendency? Physicists* are at présent inquiring if it 
cannot be reduced to a continuons impulsion, to the pressure 
exercised by an ether. If wc could succeed in proving that 
this ether in fact exists, and that the dcnsity of its successive 
layers about a heavy body goes on increasing as the square of 
the Une which represents their distance from the body, the 
supposition presented would bccome a demonstrated truth, 
we should hâve an additional because ; we should detect in a 
gravitating body a character still more gênerai and more ab- 
stract than gravitation, a propcrty wholly mechanical, that by 
which a body follows an impulsion, and receives a new veloc- 
ity at cach new impulsion. Now this last explanatory char« 
acter would hâve the same characteristics and the same posi- 
tion as the rest. It would, then, like the rest, be a portion, 
an élément, an extract from the prcccding one^ and would, like 
the rest, bc found in the preceding one, in which it is included. 
III. Let us now look at thosc laws in which the explana- 
tory intermediatc scems at first sight of a wholly diflcrent 
kind. — Every vibrating body whose vibrations are compriscd 
within certain known limits of slowness and velocity excites 
in us the sensation of sound. Why so ? Because its vibra- 
tions hâve, among other characters, the power of being propa- 
gated through the surrounding médium up to our acoustic 
nerve ; in fact, take from them this property, which we do by 
the suppression of the médium and by setting the body in a 
vacuum, the vibrations continue, but, as they cease to be prop- 
agated, the sensation is no longer produced. Thus the reason 
which renders thèse initial vibrations actually sonorous, is the 



♦ " L'Unità dellc forze fisiche, saggio di Filosofîa Naturalc/' by Père Sccchi.— 
M. I^ni6 has examined and adopted an analogous hypothe^is. — Sec the dcvelop»* 
mcnl of ihc wholc hypothesis in** La Physiijue Moderne," by M. Saijjey, cspecially 
p. 146. 
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possiblity they hâve of being propagated, a property included 
în them and more gênerai than they are, sînce it îs met with 
elsewhere, for instance, in the vibrations of the luminous 
ether. Hère again the two data, antécédent and conséquent, 
are connected through the médium of a character comprised 
in the first, and it is the first which we must study with ail 
ifs circumstances to extract from it the élément which is the 
reason of the law. — Now, why does the vibration of the body, 
when propagated through the médium up tothe acoustic nerve, 
excite in us the sensation of sound ? Because it possesscs. 
among other characters, the power of propagating itself fur- 
thcr still, along the acoustic nerve, up to the acoustic centres 
of the brain ; in fact, take away this property, which we find 
effccted when the subject is deaf, and which we can effect by 
paralysing the brain with chloroform ; the vibration will be 
propagated as far as the acoustic nerves, or even as far as theîr 
central termination ; but, as it does not reach or does not 
disturb the cérébral centres, it will not excite the sensation of 
sound. Thus the reason which renders vibrations propagated 
up to the acoustic nerve actually sonorous is the possibility 
they hâve of being propagated beyond it up to the cérébral 
centres, a property included in them, and more gênerai than 
they are, since it ismet with elsewhere, particularly in the lu- 
minous vibrations transmitted to the retina, and, in gênerai, 
in ail the disturbances which external bodies impress on our 
scnsory nerves. As before, the two data, antécédent and con- 
séquent, are connected through the médium of a character 
comprised in the first, and it is the first, I mean the vibration 
already propagated up to the nerve, which we must study «///A 
ail iis cîrcumsta7tceSy to ascertain in it and detach from it the 
possibility of a further and complète propagation which isthe 
reason of the law. 

We see that, in this law, the întermediate datum îs a char- 
acter of the first datum, which is the vibration ; just as, in the 
preceding law, gravitation is a character of the first datum, 
which isthe planet. — In fact, between the two cases there is 
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an important différence. In the first,the explanatory charac- 
ter is one of f/te hast stable éléments of the antécédent; 
whether the vibration be propagated or not, does not dépend 
on itself, but on many superadded conditions, sometimes prés- 
ent, sometimes absent ; it requires to meet with a favorable 
nedium,an uninjured nerve, a healthy brain ; if thesecircum- 
stanccs are absent, it cannot be propagated ; it may, theni 
exist without being propagated ; this will happen if the sur- 
rounding médium îs wanting, or if the nerve or cérébral cen- 
tres are in an abnormal state. In the second case, on the con- 
trar}', the explanatory character is one of tlie most stable élé- 
ments of the antécédent ; even were the planet to be shîvered 
înto fragments and to fall upon another, its fragments would 
still tend towards the sun, and towards evcry mass with which 
they might bc in relation. — But this différence of the two 
cases in no way alters their fundamental resemblance, and in 
the first, as in the second, the explanatory intermediate, stable 
or unstable, îs a niare gênerai cliaracter^ comprised with others 
in the antécédent, and which must be looked for in the group 
in which it occurs, that is to say in the first of the two data 
of the law. 

IV. In the law associating the sensation with the vîbra* 
tion, the intermediate is composed of two successive interme- 
diates, the power of the initial vibration to propagate itself 
up to the nerve, and the power of the propagated vibration 
to propagate itself up to the brain. In other laws, the inter- 
mediate is equally multiplex, but the intermediates of which 
it is composed are simulianeous and not successive.* Bcsides 
the cases in which the reason is a séries of reasons, there are 
cases in which it is a group of reasons. — For instance, the 
earth describes a particular orbit about the sun. Now the 
reason which détermines this orbit is a sum of distinct reasons» 
one of which is the initial impulsion, or tangential force, with 
its quantity in the case in question, another gravitation or the 

* See, on ail thèse points;, the fine chapter in Mill's " SjTStem of Logic," book 
iii.. chap. xil, " Of the ExpUnation of Laws of Nature." 
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ccntripctal force, with its quantity in the case in question, and 
thc last, the distance from the earth to the sun at a fixed time 
and place. In thèse instances, if we ask the why, the answer 
is a sum of becauses\ hère especially there are threeunited 
rcasons, three explanatory characters, three intermediate data, 
each of which, taken apart, is more gênerai than the total an- 
técédent, and which, included in it, concur by their assembled 
influences to détermine the curve in question. — Hence an im- 
portant conséquence. Suppose a law in which the first datum 
is a whole, a compound of distinct parts, an assemblage of 
data scparable in fact, or at ail events mentally separable ; it 
îs évident that the explanatory intermediate will be, as in the 
preceding case, a sum of întermediates which we hâve hère 
to seck out and detect, one by one, in the varions separable 
data of which our first datum îs the whole. 

Such is the case with numbers and geometrical com- 
pounds. Every number, written accordîng to our ordinary 
System of numération, in which the sum of the digits is di- 
visible by 9, is itself divisible by 9. Every convex polygon 
contains a number of angles which, together with four right 
angles, are equal to twice as many right angles as the figure 
has sides. Hcre are two laws in which the first datum is a 
sum of scparable data ; in fact, the written number is noth- 
ing more than the sum of its units of varions orders, and the 
polygon is nothing more than the sum of its parts ; hence it 
follows that the explanatory întermediates must be sought 
for in the units of various orders which make up the number, 
and in the parts which make up the polygon. — Let us first 
observe the number ; the units of various orders which form 
its éléments are already detached, prepared, and presented 
for analysis, and, to detect them, we hâve only to consider 
the digits representing them. Now it is easy to see that in 
every number the sum of the units of the second, third, 
fourth order, etc., is divisible by 9, with a remainder equal to 
the digit representing it ; that, therefore, the sum of thèse 
5ums is divisible by 9, with a remainder equal to the sum of 
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the digits which represent ît ; that consequently the entîre 
number itsclf is divisible by 9, with a remainder equal to the 
total suin of the digits which represent it ; hence ît follows 
that if the wholc sum of the digits is itself divisible by 9, the 
remainder disappears, and the entire number, divided by 9, 
Icaves no remainder. — Hère the explanatory intermediate is 
a character included in ail the éléments of the number, ex- 
cept the first, and common to ail the units represented by 
a digit placed to the left of the first ; this character so re« 
peated compels every number to be divisible by 9, with a re- 
mainder equal to the sum of its digits, and consequently, 
renders it divisible by 9, on the single condition that the sum 
of its digits is divisible by 9. 

Let us now take the polygon ; when ît is presented to us, 
the portions of surface which form îts éléments are not 
yet distinct and separate ; we are compelled, then, to create 
them, and for this, to efiect divisions and trace lines ; a con- 
struction must précède the analysis. We take any point in 
the interior of the polygon ; from this point we draw straight 
lines to ail its angles ; we thus replace the polygon by a 
group of triangles whose number is equal to that of its sides. 
Now, in each of thèse triangles, the two angles at the base, 
together with the angle at the vertex, are equal to two rîght 
angles ; therefore, if we take ail the triangles, and if, adding 
together ail the angles at their bases, we furthcr add ail the 
angles at their vertices, we shall hâve as many times two 
right angles as there are triangles, that is to say sides in the 
polygon. But thèse angles at the bases are precisely the 
angles of the polygon ; so that the angles of the polygon, îf 
we add to them the angles at the vertices, are equal to twice 
as many right angles as the polygon has sides. Now we 
know independcntly that the angles at the vertices are to- 
gether equal to four right angles ; hence it follows that the 
polygon contains a number of angles which, together with 
four right angles, are equal to twice as many right angles as 
there are sides. — Hère the explanatory intermediate is a 
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character comprîscd in ail the éléments of the polygon that 
is to say common to ail the triangles of which it îs the whole; 
thîs character, thus repeated, compels every polygon to con- 
tain a number of angles which, estimated in right angles and 
iiicreascd by a constant number of right angles, îs double the 
number of its sides. 

But it is not only in arithmetical and geometrical com- 
pounds that intermediates of this kind occur. Take a car- 
nivorous animal like the tiger, or a ruminant animal like the 
ox. A number of précise laws connect each of its organs, 
and each fragment of each of its organs, with the rest. The 
naturalist who dissects one organ, knows beforehand what 
hc will find in the others; from the extemal appearance, he 
predicts the internai structure, and can delineate the form of 
the stomach, the brain, the heart, the skcleton, before he 
lias laid thcm bare. If he is askcd why, in this animal, a 
partîcular portion constructed in a particular way învolves 
some other portion, hc can answer: his predecessors, from 
Galen to Cuvier and Richard Owen, hâve discovercd an ex- 
planatory intermediate which, common to ail thèse very 
various parts, is the principal reason of their structure and 
relations. This intermediate is the property of being uscful ; 
each organ pcrforms a function which contributes, with the 
rest, to a total efTcct ; therefore, it is appropriate to its func- 
tion ; therefore, it îs dctermined by its function. But thîs 
function is itself determined by the others which contribute 
with it to the total efiect ; hence it follows that the organs 
détermine one another with a view to a total effect. In 
other words, the organs reconcile their characters in such 
a way as to reconcile their functions, and they reconcile 
their functions in such a way as to maintain the circuit 
of loss and réparation which forms the life of the individ- 
ual and the succession of individuals which forms the 
race. — Consequently, a particular kind of teeth involves a 
particular kind of intestines, and conversely. If we find 
an intestine fitted to digest flesh only, and raw flesh, the 
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animal has jaws constructed to devour its prey, claws fit- 
ted to seize and tear it, teeth fitted to eut and divide ît, a 
s}'stem of mot or organs fitted to catch it, sensés capable 
of perceiving it at a distance, the instinct to hide itself în 
ordcr to surprise it, and a liking for flesh. ** Hence follows," 
says Cuvier, *' a certain form of the condyle in order that the 
jaws may fit together like scissors, a certain volume în the 
crotaphyte muscle, a certain depth of the fossa which receîves 
it, a certain convcxity of zygomatic arcade through which ît 
passes, and a host of characters of the skeleton, the articu- 
lations, and the motor muscles. . . . The form of the tooth 
învolves that of the condyle, that of the omoplate, that of the 
talons, just as the équation of a curve învolves ail its proper- 
ties, and just as, by taking each property scparately as the 
base of a particular équation, we should redîscover the ordîn- 
ary équation and ail the other properties, so the talon, the 
omoplate, the condyle, the fémur, anrd ail the other bones, 
taken scparately, give the tooth, and are conversely given 
by ît." — This is so true that, în the same animal, the meta« 
morphosîs of one organ involves an appropriate metamorpho« 
sis of the rest. The tadpole, which is not carnivorous, re- 
quiring a very long canal to digest îts food, has an intestine 
ten times the length of its body; when changed into a car- 
nivorous frog, its intestine is but twice the length from mouth 
to anus. The voracious larva of the cockchafer has an œso- 
phagus, a vast muscular stomach, surrounded with three 
crowns of little caecums, a small intestine, an enormous large 
intestine three times the sîze of the stomach, and fillîng up 
the whole posterior third of the body: when ît has become 
a cockchafer and more temperate, ail that remaîns of this 
apparatus is a slender canal destitute of enlargements. — By 
this discovery of the explanatory intermediate, the face of 
the animal world is entirely changed. Bcfore, we had de- 
scriptive anatomy only; we knew that în fact certain charac- 
ters accompanicd one another ; but we did not know why 
they accompanied one another. They were then sîmply în 

16 
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juxtaposition ; they are now necessarily connectée! ; in addi- 
tion to their constant concurrence, as we ascertain their obliga- 
tory connection. Every organ, and further, every physical or 
moral élément, of the living animal, comprises, included in 
îtself, a property repeated in ail the others, that is to say the 
I)articularity of tending to harmonize with the rest, in such a 
way as to concur with them in a certain final and total effect ; 
and this common întermediate explains not merely a prodi- 
gious number of characters in the animal, already enumera- 
ted by descriptive anatomy, but also an infinité number of 
other more délicate and intimate characters which our scalpels 
and microscopes are too clumsy to hâve yet attained. 

We may now form an idea of the întermediate. — Take a 
law, or a couple of data connected together. What is their 
link? Whence comes their consolidation? What is the 
reason, the because^ the interposed condition, which connects 
the second to the first? The reader has just followed this 
întermediate, and finds it reappear, always alike, under its 
différent forms. — Sometimes it is simple, like the force of 
gravitation, which explains the fall of heavy bodies. — Some- 
times it is multiplex ; composed of many intermediates. 
Two cases then présent themselves. — Either the components 
are successive — as is, with the sonorous vibration, the power 
of propagating itsclf in the surrounding médium, and then 
the power of propagating itself along the nerve as far as the 
cérébral centres ; or elsc the components are simultaneous — 
as are the characters which combine to direct the earth in its 
course round the sun. Hère again we must make a distinc- 
tion. — Sometimes the simultaneous intermediates are of dif- 
férent kinds ; as are, in the preceding case, the tangential 
force, the centripetal force, and the given distance from the 
earth to the sun. Sometimes the simultaneous intermediates 
are of the same kind, and are reduced to the same înterme- 
diate repeated in ail the éléments of the object. This last 
case is itself divisible into two branches. — Either the éléments 
în which the întermediate îs repeated are similar, like the 
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units of the number, or the triangles of the polygon ; or they 
are dissimilar, like the organs of the animal. — But simple or 
multiplex, composée! of successive or of simultaneous intcr- 
mediates, of différent intermediates, or of the same interme- 
diate repeatcd, of the same intermediate repeated by similai 
éléments, or of the same intermediate repeatcd by dissimilai 
cléments, the explanatory intermediate is always shown te 
us as a character or a sum of characters included in the fîrst 
datum of the couple, more gênerai than that datum when 
they are considered apart, and accessible to our grasp, from 
being comprised in it and separable from it, by our ordinary 
processes of isolation and extraction. 

V. When once the intermediate is detected and repre- 
sented in the mind by a corresponding idea, it effects within 
us an internai process which we term démonstration. Take 
one of the above-mentioned laws : every planet tends to ap- 
proach a central mass with which it is in relation — the sun, 
This law is a couple of two data, one, which is the planet, 
the other, which is the tendency of the planet to approach 
the central mass, and the intermediate Connecting them is a 
gênerai datum, common, not only to ail the planets, but to 
ail bodies situated at their surfaces and to an infinité number 
of other bodies ; I mean the property of being a mass, every 
mass having this character that it tends to approach the cen- 
tral mass with which it is in relation. Let us compare thèse 
three data with one another. — The first, the planet, contains 
the intermediate, that is to say the property of being a mass; 
ît contains the intermediate as one of its characters among 
many others ; with relation to the planet, the intermediate 
is an extract only. The planet, then, îs more complex than 
the intermediate, and the intermediate is more abstract, that 
is to say more gênerai, than the planet. On the other hand, 
this intermediate contains the last datum, the tendency to 
approach the central mass ; it contains this datum as one of 
its characters, among many others ; with relation to the in 
termediate, this datum is an extract only. The intermediate 
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then, is more complex than the last datum, and the last da- 
tum is more abstract, that îs to say more gênerai, tlian the 
intermediate. — Thus the first datum of the law contains the 
intermediate, which contains the second. In another aspect 
the first datum is more complex than the intermediate, whîcli 
îs more complex than the second. In another aspect again, 
the second datum is more abstract and gênerai than the in- 
termediate, which is itself more abstract and more gênerai 
than the first datum. — Having settled this, let us associate 
the three data în pairs ; we shall hâve three couples of data, 
or laws. Every planet is a mass ; now every mass tends to 
approach the central mass with which it is în relation ; there- 
fore, every planet tends to approach the central mass with 
which it is in relation, that is to say, the sun. — Of thèse 
three couples, the first associâtes the first datum and the in- 
termediate ; the second associâtes the intermediate and the 
second datum ; the third associâtes the first datum and the 
second, and is found to be the law which required démon- 
stration. — If we conceive the three couples in this order, we 
hâve three propositions corresponding to them and composed 
of three ideas, associated in pairs, as the three laws are com- 
posed of three data associated in pairs. Of thèse three 
ideas, the first, which is more comprehensive than the second, 
contains the second, which is more comprehensive than 
the third, and which contains the third, and the mind passes 
from the most comprehensive to the least comprehensive by 
means of the third, which is of médium compréhension.* 
Of thèse three propositions, the two first, being preliminary, 
are termed pr émises^ and the third, being consécutive, is 
termed conclusion. The two premises are composed, one, of 
the first idca, the most comprehensive of ail, associated to 
the second, which is of médium compréhension ; the other, 
of the second idea, which is of médium compréhension, asso- 

* In my opinion, it is in this order, according to compréhension and net ac- 
cording to extension, that the terms should be arranged. In this way, reas<>ring 
Lecomes an analysis, and not a logical trick, like the ordinary syllogism. 
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ciated to the thîrd, the least comprehensîve of ail ; and finally, 
the conclusion is composed of the first idea associated to the 
third, that is to say of the most comprehensîve idea asso- 
ciated to the least comprehensive. Three propositions of 
this kind assembled in this order constitute a syllogism, and 
the syllogism, according to the saying of Aristotle, becomes 
a scientific démonstration, when, as in the preceding case, 
the intermediate by which it connects two data îs the cx- 
planatory reasonf of theîr connection. 

SU- 

I. Let us leave to logicians the task of foUowing out in ail 
their détails the properties of the syllogism, and the neces- 
sary relations of its propositions or terms ; thèse are but the 
curiosities of science ; the essential thing for the mind is to 
know what are the spécial characteristics and exact position 
of the explanatory intermediate, so as to be able to seek for, 
fînd, and recognize it. From its nature and situation, as we 
hâve ascertained them, we can arrange a gênerai method of 
inquiry. Let us examine this method successively in the 
sciences of construction and in the sciences of expérience. 

Take a law of arithmetic, of algebra, of geometry, or of 
pure mechanics ; the proposition which expresses it is termed 
a theorem ; and this proposition affirms that a particular 
datum constructed by the mind — a number of any kind, a 
multiplicand, a square, a square root, a triangle, a sphère, an 
ellipse — comprises a particular property. It îs hère a ques- 
tion of demonstrating the theorem, that is to say of distin- 
guishing in the first datum an intermediate which comprises 
the property enounced. — We hâve, then, to décompose the 
first datum so as to extract from it the intermediate, and it 
is this décomposition which, later back, when dealing with 
axioms, we termed analysis. In the Sciences of Construction, 

♦ A» tÙTujf» Ktù irfXjTipuv, «• Posterior Analytics," book i. chmps. il iv. vi. 
mWia signifies not merely the cause, but the àecause demanded. Thèse second 
Analyiics of Aristotle are very superior to the first, and are still wonhy the at- 
tention of aiudenu of soecial sciences. 
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ît can always be accomplîshed ; there is no internai obstacle 
whîch prevents our detcctîng the intermediate ; ît is included 
in the first datum as constructed by our mind. In fact, the 
combination we hâve fabricated is purciy mental ; it îs not 
bound to correspond to a real combination. It differs in this 
from the other mental combinations by which we conceive 
rcal objects ; it runs no risk, as they do, of presenting blanks, 
of passing by any important character included in the real 
object, of omitting the explanatory intermediate which con- 
nects the enounced property with the real object ; freed from 
this obligation, it is exempt from this risk. Once formed, it 
îs complète, and whatever be the idéal object — number, square, 
straight line, figure, geometrical solid, velocity, mass, force — 
if the définition fumished is well constructed, the object îs 
entîrely and exactly expressed by it.* For, by hypothesis, 
there is nothing more in the idéal object than what we hâve 
put into it, and ail we hâve put into it are certain éléments 
groupcd in a certain order, and expressed, together with their 
order, by the définition. Now, if this group has a property, 
it is through the médium of some character included in its 
éléments or in their mode of assemblage, as expressed by the 
définition ; hence it follows that the explanatory and démon- 
strative intermediate Connecting the property to the group 
will be found by analyzing the terms of the définition. 

Such is in fact the method employed in the Sciences of 
Construction. Ail the theorems are demonstrated by analy^ 
sisj by the analysis of the terms of the définitions. We hâve 
already seen this in those first theorems with whose démon- 
stration we dispense, and which we term axioms. We hâve 
defined equal magnitudes, the straight line, parallel lines, 
velocity, force, mass, and hâve found that the properties at- 
tributed by the axioms to each primitive compound are con- 
nected with it t-hrough the interposition of some latent, but 
inhérent character, enclosed and concealed in its définition. 



♦ Sce part ii., book iv., chap. i., pp. 175 efseç. 
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So ît îs wîth thc later theorems concernîng more complex 
compounds. Hère, too, the explanatory and démonstrative 
intermediatc is a character, more frequently a séries of char- 
acters, included in the définition of the compound. — We ail 
know how a theorem of geometr>' is demonstrated, as for in- 
stance, that which says that thc opposite sides of a parallelo- 
gram are equal. We relcr back to the définition of the parai- 
lelogram and find that it is a four-sided figure of which the 
opposite sides are parallel. As this double property is includ- 
ed in the définition, we extract it by analysis, and hâve the 
first of the intermediates we are in search of. — We analyze 
this, and on referring back to the properties of parallel Unes, 
we find that, if we draw the diagonal 
A C, the two angles B A C, D A C, 
are equal to the two A C D, B C A, 
each to each, being alternate angles ; 
which gives us a second intermediate. 
— But, on the other hand, the diago- 
nal has formed triangles as well as an- 
gles ; we then analyze this third in- 
termediate, and, on referring back to the properties of trian* 
gles, we observe that the two triangles are equal, as having a 
common side, the diagonal, comprised between two angles 
equal each to each ; hence it foUows that A B is equal to D 
C, and A D to B C. — Thus, thc first intermediate — the par- 
allelism of each couple of opposite sides — îs derived from thc 
définition ; the second — the equality of the two alternate an 
gles whicli the diagonal forms with each couple of parallel 
lines — is derived from the first ; the third — the equality of the 
triangles which the diagonal forms on each side with the par* 
allel lines — is derived from the second, and finally, the equal- 
ity of the opposite sides of the parallelogram is derived from 
the third. The définition, then, contains the first intermedi« 
ate, which contains the second, which contains the third, 
which contains the fourth, which contains the property 
enounced. This forms, as it were, a séries of boxes enclosed 
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in one another ; the largest is the first définition, and the 
smallest the last attribute ; each larger box encloses a smaller 
one, and we cannot get at any one box till we hâve opened 
in turn ail those enclosîng it. — Observe the difficult part of 
the opération. Each intcnncdiate contains many characters 
in addition to the one which we extract and which leads us 
up to the property enounced ; we must not fall into error, and 
overlook the right one, to extract another. In other words, 
and to continue the comparison, every larger box contains, in 
addition to the smaller box in which we shall at last find the 
property enounced, several other smaller boxes which it 
would be uscless to open ; we myst set our hand, then, on the 
right box, and if there arç, as in the preceding case, five 
boxes to open, we must five timcs consecutively hâve the tact 
to make a proper choice. — Qesides this, it is common to find 
boxes which do not oj>en readily, a skilful turn of the key is 
required ; we hâve been compellcd to make a construction, 
to add a line to the figure, to draw the diagonal. And this 
turn of the key lias, in opening one lock, opened by corre- 
spondence a second ; in fact, this well chosen diagonal has 
not only given the two pairs of alternate internai angles — ît 
has also given two equal triangles. In this lies the talent of 
the geometrician ; he must, by a prompt instinct, or by numer- 
ous trials, successively open, without a mistake, the séries of 
useful boxes, and must find out the appropriate turn of the key. 
Let us now follow his steps : he begins by constructing 
very simple compounds, the single straight line, the straight 
line cutting another, the straight line perpendicular to another, 
two parallel straight Unes. According to the process we 
hâve just seen, and through an intcrmediate, or arrangement 
of intermediates included in the définition of the compound, 
he connects with it several properties. — Then, combining 
togcther his primitive compounds, he constructs ulterior 
compounds, triangles, quadrilaterals, and polygons, by means 
of two, three, and more straight lines cutting each other in 
pairs ; the circle, by a straight line turning about one of its 
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cxtremitîes ; the pline, by a revolvîng perpendîcular which 
while revolvîng remains perpendîcular to the straight line 
with the relation to which it was at first perpendîcular ; after 
thîs polyhedra, by planes terminating in polygons ; the sphère, 
by a semicîrcle revolvîng about its diameter, etc. To thèse 
new compounds, he connects new properties by means of new 
theorems. What intermediates does he employ ? — They may 
be recognized at a glance ; they are the already demonstrated 
properties of the preceding compounds. The more complex 
compound has simpler compounds as its factors, and the 
properties of its factors, introduced into ît with those factors, 
are the intermediates by which we connect to it the proper- 
ties with which it is itself furnished. Just now we saw that 
the properties of the parallelogram were attached to it through 
the properties of the two pairs of parallel Unes which form its 
éléments. We should see in the same way that the properties 
of the sphère are attached to it through the properties of the 
revolving semicircle which générâtes it, and, in gênerai, that 
the properties of any compound are attached to it through 
the properties of the simpler compounds which are its factors. 
— In this way, each new compound is a larger box into which 
we put several smaller boxes, with ail they contain. In the 
one we term parallelogram, we put two pairs of parallel lines 
cutting each other. In the one we term circle, we put an 
infinité number of equal straight lines, having one common 
point. In the one we term sphère, we put an infinité number 
of equal semicircles having a common diameter, and the 
properties of the large box so constructed are attached to it 
through the properties of the smaller boxes which it contains 
with their contents. — Hence it foUows that the ultimate rea- 
son, the ultimate because^ the ultimate explanatory and dé- 
monstrative intermediate, which connects a property to any 
geometrical compound, recèdes from box to box, and from 
containing to being contained, in proportion as we pursue it 
from the sphère to the revolving semicircle, from the revolv- 
ing semicircle to the revolving Une, from the revolving line 
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to tlic simple line — ^that is to say, from the compound to îts 
factors, from them to their factors, and so on, to allow îtself 
to bc seizcd at last în the primitive factors — that is to 
say, in the little elementary boxes in which it is included. 
Arrived hère, we hâve în hand the ultimate reason of the 
geometrical law. It is given, in ail the sciences of construc- 
tion as in geometry, by the axioms; and the axioms give it, 
becausc they enounce the properties of the primitive factofs. 
Let us carefully consider this expression ; the ultimaU 
reason of a law. The laws we hâve discovered in the sciences 
of construction are of enormous number, and this number 
increases daily. Now the ultimate intermediates which ex- 
plain and dcmonstrate them are the properties of five or six 
primitive factors, enounced by a dozen axioms, which are 
themselvcs, as we hâve seen, cases or applications only of the 
axiom of idcntity. From this single source, spread out into 
a dozen rivulets, flow the innumerable streams and waves of 
science. Such is the value of the primitive factors or élé- 
ments, when they are as simple, as abstract, and as gênerai 
as possible : from their laws are derived the laws of thcir less 
gênerai and less abstract compounds, and so on, from stage 
to stage, by a graduai desccnt, without ever a failure of con- 
tinuity, between stage and stage, from the highest wave to 
the lowest level. It is, then, to the primitive factors that the 
principal efforts of our method should be directed. — Hence a 
new way of considering magnitudes, and especially geometri- 
cal magnitudes. Take a straight line, or curved Unes, and 
those principally among curves, which we were unable în the 
beginning to define except by the nature of the solid from 
which they are derived, as was the case with the sections of the 
cône — that is to say the ellipse, parabola, and hyperbola, and 
with other still more complex curves. Each of them has a 
form, and, when once the line is drawn, we see this form in 
the concrète. But the line is made up of primitive factors or 
elcments which are its points, and its form is but a whole, the 
whole Qf the distinct positions occupied by îts distinct points. 
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Hence ît follows that there îs a reason, a bccause, an înterme- 
diate to explaîn and demonstrate ail the properties we can 
ascertain in the Une and its form, and that this intermediate 
is met with in the éléments of the linc and of its form — that 
îs to say, in the various points possesscd of distinct positions 
of which the line and form are but the total. — Now, how do 
wc détermine the position of a point? Among other means, 
there is a ver\' convenîent one, which con- . 
sists in taking in a plane two fixed axes A 
B, B C, which tut one another at a known 
angle, in drawing to the point, Unes par- 
allel to thèse axes, and in gîving the lengths 
of thèse parallels. Thèse two lengths, which 3 
we term co-ordinates, are magnitudes which, 
when compared together, présent a certain relation. Hère, 
then, we hâve the position of the point defîned by the mu- 
tuai relation of two auxiliary magnitudes. — Instead, now, 
of a single point, let us suppose a continuous séries of 
points — that is to say a line, such that this relation may be 
the same for ail its points; the line and its form wîU bc 
wholly defined, and defined by a character common to theîr 
éléments. 

Thus, to confine ourselves to the simplest examples, if, 
the two axes being given, the Une in question bisects the 
angle between them, ail the points of the bisecting line hâve 
this common character that, for each of them, one of the two 
co-ordinates is cqual to the other. If the line in question is 
a circumference, and the two axes areperpendiculartoone an- 
other and pass through the centre of the circle, ail the points 
of the circumference hâve this common character that, for 
each of them, the sum of the squares of the two co-ordinates 
is equal to the square of the radius. This constant relation 
which is everywhere maintained through ail the pairs of co- 
ordinates, gives rise, when ascertained, to an équation ; for 
the bisecting line, the first co-ordinate x added to the second 
co-ordinate y is equal to2;r; ;r-fj' = 2;r; similarly, for the 
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cîrcumfcrence jr* + y = ^* — This formula îs wbat îs tenned 
thc équation to the Une ; there îs one for the ellipse, for the 
parabola, the hyperbola, for every curve, for every surface. 
There is a branch of geometry which makes an analysis in 
this way of a line or a surface, and on decomposing it into 
its cléments, discovers in thèse éléments an algebraical char- 
acter common to them ail ; this science is termed analytical 
geometry. From the character expressed by the équation, 
we dérive ail the properties of the line ; in other words, in 
order to attach the properties to the line, we find an inter- 
médiate, a reason, a bccause included in the equatioh which is 
the définition of the line. 

We see how important is the considération of the élé- 
ments ; in fact, it has been necessary to gain a true notion of 
magnitude, and to give to mathematics ail their scope ; it is 
this study which, under the name of infinitésimal calculus, 
constitutes the higher portion of the science. Instead of 
co.nparing two magnitudes taken in the mass, we compare 
the infinitely small incréments of the two magnitudes, incré- 
ments which are their component factors and their primitive 
éléments. " It would be wrong," says a philosophical mathe- 
matician,* " to take this second mode of expression for noth- 
ing more than a conventional abbreviation, a form of lan- 
guage, apparently more convenient because more usually 
employed. It is, in fact, more convenient, but simply be- 
cause it is the natural expression of the mode of génération 
or extinction of magnitudes, which increase or decrease by cle^ 
ment s smalUr than a?iy Jinite magnitude, Thus, when a body 
cools, the relation between the elementary variations of the 
beat and time is the true reason of the relation which is 
cstablished between the variations of thèse same magnitudes 
when thcy hâve acquired finite values. This last relation, it 
is true, is the only one which can fall directly under our ob- 

♦ Coumot, " Traité de rEnchaînemenl des Idées Fondamentales," i. 87, and 
• Traité Elémentaire du Calcul lafmitésimai;* i. 82.—" In this respect wc may 
truly aSirm that infinitely small quantities exist in nature." 
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servatîon, and, when we define the first by the second through 
thc intervention of the îdea of limit, we conform to the con- 
ditions of our human logic. But, once in possession of the 
îdea of the first relation, we conform to the nature of things, 
by makîng it the principle of explanation of the value which 
observation assigns to the second relation. Thîs is why thc 
notation of infinitésimal quantities, imagined by Leibnitz, 
constitutes an invention of capital importance which has mar- 
vcllously increased the power of mathematics as an instru- 
ment, and the field of its applications to natural philosophy." 

In ail directions, the same conclusion springs up. In the 
sciences of construction, every theorem which enounces a law 
is an analytical proposition. Of the two data whose connec- 
tion forms the law, the second is connected with the first, ob- 
scurely or clearly, directly or indirectly, by a third datum, rea- 
son, explanatory and démonstrative -intermediate, which is 
contained in the first datum, and itself contains a séries of sub- 
séquent intermediates enclosed in one another. Finally, if we 
inquire into the ultimate reason of the law, the ultimate inter- 
mediate, the ultimate because^ after which every question is at 
(in end, because the suprême explanation is furnishcd and the 
démonstration complète, we find that it is a citaracter included 
in the di finition of the factors or primitive éléments of which 
the first datum is but the collection and the total. 

II. We come now to the sciences of expérience. Herc 
the resources are fewer and the difficulties greater. — Let us 
takc one of the laws examined above — namely, that cooling 
produces dcw, that is to say the liquéfaction and déposition 
of the watery vapor in the surrounding air. — Of the two 
data, cooling and liquéfaction, whose couple forms the law, 
the first, according to the theory expounded, must comprise 
an explanatory character by whose intervention it is con- 
nected to the second. It is necessary, thcn, to décompose it 
in order to dérive from it this intermediate. — But I am un- 
able to eflect this décomposition; thc analysis which had 
cntire grasp of mental combinations has not an equal grasp 
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of rcal combinations. Having constnicted the first, I know 
ail they contain, since, by supposition, they contain nothing 
but what I hâve put in them. Not having constructed the 
second, I do not know ail they contain, and to the portion 
of knowledge I possess, I must add by further discoveries the 
varîous portions I do not possess. — What is thîs cooling of 
watery vapor? At the time I establish the law by induc- 
tion, I am ignorant of this. Ail I know of it is, that it is a 
change of state, occurring in the vapor, which excites in me 
the sensation of cold. Thîs change is in itself unknown to 
me; ail I knowof it is one ofits effects, and thîs I onlyknow 
through a sîgn. We hâve now, with the aid of this sign and 
other indications, such as the variations of the thermometer, 
to study this change, to ascertain îts intrinsic properties, and, 
for this purpose, again to employ induction. — Now, we dis- 
cover by induction that cold applîed to a body in whatever 
state, gaseous, liquid, or solîd, tends to bring îts molécules 
mutually togcther, and in fact does always brîng them to- 
gcther, except in some exceptional cases, in which the ten- 
dency is neutralized by certain contrary tendencîes which the 
bringing togcther may sometimes develop.* Hère is a first 
cxplanatory intcrmediate, included in the characters of the 
chilled body and set apart by induction. — Now other induc- 
tions establish that a solid, liquid, or gaseous body is a 
System of molécules placed apart and possessed of attracting 
and repelling forces in rejatîon to each other ; that in pro- 
portion to their mutual proxîmity, the mutual proportions 
of the attracting and repelling forces are changed and re- 
versed ; that, during a first period — the gaseous state — the 
attracting forces may be considered as annulled by the enor- 
mous amount of the repelling forces, which explaîns the force 
of tension in vapors and gases ; that at the end of this period, 
whcn the molécules are suflficiently proximatc, there cornes 
an epoch of equilibrium between the attracting and repelling 

* For instance, the maximum of density, or of the bringing togcther ih« 
molécules of water, is found al * 4 degrees (centigrade), and not below 
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forces, an epoch dîfferîng according to the différent constitu- 
tion of the différent bodies; that, during this stage, repulsion 
and attraction being almost neutralized by one another, the 
molécules which bave neither mutual attraction nor repulsion 
suffer thcmselves to be readily disjoined, put forth no effort 
against what contains them, group themselves in a surface 
parallcl to the horizon ; in short, are fluid and présent the 
sensible characters which constitute the liquid state, instead 
of the sensible characters which constitute the gaseous state; 
that latcr on, beyond this second period, when the molécules 
arc again brought still doser, an epoch is presented in which 
the attracting forces hâve not only equality but marked as- 
cendancy, an epoch differing according to the différent con- 
stitution of the différent bodies ; that, during this third st^e, 
the grouped molécules offer a more or less energetic résis- 
tance to forces attempting to detach them from the System, 
and, instead of the sensible characters which constitute the 
liquid State, présent the sensible characters which constitute 
the solid state. Hence it follows that when a certain period 
is passcd, thegas, whose molécules are brought sufficiently to- 
gcther, must become liquid, and the watery vapor must becomc 
water. Now we know independently by induction the limit 
at which this period comes to an end in the case of watery 
vapor ; it is a particular degree of the thermometer for a par- 
ticular quantity of watery vapor suspended in the air. Hère 
is the second intermediate required. — If the cooling produces 
liquéfaction of the surrounding vapor, this arises from îts 
bringing the molécules of vapor together beyond a certain 
limit ; if, beyond this limit, the approxîmating molécules 
arrive at the liquid state, this is because, when this limit is 
passed, the excess of the repelling over the attracting forces 
ceases without being turned in the contrary direction, and in 
conséquence of this equilibrium, the molécules cease to hâve 
any noticeable mutual adhérence or repulsion, which is pre« 
cisely the liquid state. Approximation of molécules, equilib» 
rium betwcen the attracting and repelling forces of the mole- 
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cules after a certain degree of approximation— thèse are 
the two intermediates by which the first datum of our law— 
cooling, is attached to the second — liquéfaction, and the ap- 
proximation is a property of the molécules of the chilled 
vapor. Equilibrium is a property of thèse molécules when 
brought sufficiently close. And finally, the liquid state as 
our sensés perceive it, is a property of the equilibrium so 
attaincd. 

Thus the first datum of the law contains among its char- 
racters the first explanatory intermediate, which contains the 
second, which contains the second datum of the law. Plainly, 
this enclosure is similar to that which we hâve already ob- 
served in the démonstration of the theorems. — No doubt, 
we hâve not hère obtained the intermediates by the same 
method as before. It has not been sufficient for us to con- 
sult our conception of a cooling body ; there were too many 
gaps in it ; it taught us nothing except that the body which ex- 
cites a sensation of cold in ourselves and a lowering of the mer- 
cury in the thermometer undergoes an unknown altération. 
Experiments and an induction were required to discover this 
altération, which consists in an approximation of molécules. 
And so, it was not enough for us to consult our conception 
of a body whose molécules approximate ; hère s^ain there 
were too many gaps, it taught us nothing as to the effects of 
approximation. The great induction of Newton was required 
to enable us to recognize that the attraction of the molécules 
increases in the inverse ratio of the squares of their distances» 
whence it follows that, when a certain degree of proximity is 
passed, the attracting forces must form equilibrium with the 
repelling forces ; and the inductions of other physicists were 
necessary to ascertain what degree of cooling induces this 
degree of proximity between the molécules of watery vapor. 
— But, if the processes of discovery hâve been différent, the 
structure of things has been shown to be the same. In the 
expérimental law as in the mathematical theorem. the first 
datum is a large box which, through a séries of gradually 
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diminishing boxes, encloses as its final contents the second 
datum. Only, in the expérimental law it is not sufficient, as 
in the mathematical theorem, to set the hand each time on 
the proper box and to open it ; we do not find the box at 
hand, in the mind ; we must go cls whcre, beyond the mind, 
and seize it where it is, that is to say in nature, and dérive it 
thcncc with a great array of experiments and inductions. 
VVhcn this is effected, we transfer it into the mind, we fix it 
therc in its place in the box from which it was missing, and 
when, by thèse excursions, we hâve thus procured ail the 
necessary boxes, we havc only to open thcm in their order, to 
pass uninterruptedly, as in a theorem, from the first to the 
second datum of the law. 

Let us now consider those of the expérimental sciences 
which are in a very advanced state, applied mechanics, 
physical astronomy, optics, acoustics, in which many of thèse 
boxes hâve been discovered and enclosed. Between the real 
compounds, of which thèse sciences treat, and the idéal corn- 
pounds, of which the sciences of construction treat, the 
analogy is striking. — Take some of thèse real compounds, the 
motion of a cannon-ball impelled with a certain initial velocity 
along a tangent to the carth, the orbit described by Venus or 
some other planet, a certain succession of sonorous or luminous 
waves. Each of thèse compounds has its properties like the 
parallelogram or the sphère, and the proposition Connecting 
some property to it, like the theorem Connecting some prop- 
erty to the parallelogram or sphère, cnounces a gênerai law. 
Now, in this compound, as in the parallelogram or sphère, therc 
arc factors or more simple compounds which, introduced into 
it, hâve brought with them their characters ; and if the com« 
pound possesses the property indicated by the law, it îs owing, 
as in the parallelogram or sphère, to the isolated or combined 
characters of its factors. If the cannon-ball has a certain 
range, describes a certain curve, and undergoes a certain dim- 
inution of velocity, it is owing to the combined présence of a 
particular initial impulsion, of terrestrial attraction and the 

17 
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résistance of the air. If two luminous rays are in places ex- 
tinguished by one another, or if two continuous sounds arc 
at times pushed by one another, it is owing to the velocîties of 
the two séries of propagaled waves whîch, în certain places and 
at certain times, interfère with and annul one another. — Hence 
it follows that, in the expérimental as in the geometrical law 
the propcrties of a more complex compound are connected 
with it through the intervention of properties of îts factors 
or more simple compounds, that so it is with each of thèse 
factors, and that thercfore, if wc seek the ultimate interme- 
diates» the ultimate reasons, the ultimate explanatory and 
demonstrating characters which establish the law, we shall 
sec them recède, from the more complex to the less complex 
compounds, to permit themselves to be seized at last în cer- 
tain very simple factors or primitive éléments whose proper- 
ties thcy are. 

In fact, in each of the sciences we hâve mentîoned, there 
are some very gênerai laws corresponding to axioms ; thèse 
give, like axioms, the ultimate reason of the established law, 
and they give it because, like axioms, they cnounce the proj>- 
crtics of the primitive factors. Such, for instance, is the 
principlc in applied mechanics, that if a bodyloscsoracquircs 
a certain quantity of motion, the same quantity is acquired 
or lost by some other body. Such are the two principlcs on 
which astronomy is founded, the one which attributes to the 
planetary bodies of our System a tendency to move in a 
straight Une with a uniform velocîty along the tangent to 
thcir orbits, the other which attributes to them a tendency 
to fall towards each other and towards the central mass, a 
tendency in proportion to their masses and inversely as the 
squares of thcir distances. Such is, in acoustics and optics, 
the assumption of elastic média, through which waves of cer- 
tain lengths are propagated with certain velocity în the di- 
rection of thcir primitive impulsions, or in a direction per- 
pendicular to those impulsions. — From thèse laws there flow 
as from so many axioms, a prodigious number of partial laws 
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and the only différence separatîng sciences so constructed from 
the mathematical sciences, îs that as, in thèse last, the axioms 
hâve been obtained by construction, we can mount by analy- 
sîs hîgher than the axioms, to the principlcof identity,which 
is thcir common source, whilc in the former, the fundamental 
laws having been obtained by induction, to mount above 
thcm we must again bave recoursc to induction, which to- 
morrow perhaps we may be able to effect, but which to-day 
we are unable to effect, and which compels us provisîonally 
to consider them as primitive, until further discovcrics place 
over thcm more gênerai laws, and so dépose them from the 
first to the second rank. 

III. The same arrangement îs found in the other less 
advanced branches of expérimental science, in the thcory of 
heat, of electricity, of chemical, vital, and historical phenom- 
ena. Hère, too, the particular laws which we first attain, 
and which enounce the propertîes of the more complex com- 
pounds, find their explanation and démonstration in the more 
and more gênerai laws which we subsequently attain, and 
which enounce the propcrties of more and more simple fac- 
tors. Accordingly as we consider the différent branches, 
we find that the opération, which is everywhere similar, has 
been pushed to greater or less distances; expérimental 
science, as a whole, thus resembles a cathedral commenced in 
various points at once. Its pillars are of unequal height, 
some almost completcd, others half built, others again 
scarcely provided with their first stages. But they ail indi- 
cate by their graduai diminution and converging directions, 
that a loftier arch must finally reunite them. 

Now this constant convergence shows us in what direction 
to apply our efforts, and what subséquent labor îs required 
to continue the édifice. We hâve just seen that the proper- 
tîes of a compound are connccted with ît by întermediates, 
which are the propertîes of its factors, components, or élé- 
ments ; this is the universal iule. Thèse cléments, then, arc 
what it is principally necessary to dîscover, and ît is to their 
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properties that we should direct our whole attention. The 
more readily, therefore, thèse éléments fall under our obser- 
vation, the more readily shall wé explain and demonstrate 
the properties of the compounds formed bytheir assemblage. 
— Thîs is precisely the case with the most complex com- 
pounds of ail, those which are the object of the natural and 
historical sciences. And I venture aiso to assert, that the 
philosophical and higher portion of science is nowhere 
more advanced than hère. A living body, plant or animal, 
is a Society of organs ; now, each of thèse organs is suffi- 
ciently large to be g^asped by our sensés, measured by our 
instruments, detaîled by our descriptions, pictured by our 
drawîngs. It lends itself directly to study, and compared 
with those analogous to it, manifests properties which, joined 
with those of its associâtes, explain the character of the body 
whose éléments they are. — There are two properties common 
to ail the organs of a living body. One of them, mentioned 
above,* and explained at length by Cuvîer, is the property of 
bcing uscfuly which imposes on the organ the obligation of its 
characters harmonizing with those of ail the other associated 
organs, in such a way as to bring about some total and final 
effect, that is to say to render possible a certain kind of life, 
carnivorous, frugivorous, insectivorous, in the water, in the 
air, or on land, in présence of certain prey and certain ene- 
mies, in short, in a certain médium ; we hâve indicated the 
infinité conséquences of this property of every organ ; they 
are so numerous and so certain that anatomîsts hâve re- 
constructed fossil animais from some of their fragments. 
There is a second property, discovered by Geoffroy Saint- 
Hilaire, and still more fruitful in conséquences, that ol holding 
a place in a plan, By the first, the organ is an instrument 
which fulfils an office ; by the second, it is a part appertain- 
ing to a type. In this respect, whatever be the secondary 
modifications imposed on it by its passage from one animal 
to a différent one, and its conséquent adaptation to a new 

* Part ii, book iv. ch. iii. p. 268. 
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usage, it remains fundamentally the same; it is never tians- 
posed ; we find ît always in the same place, and it shows îtself 
through ail the elongations, consolidations, impoverishments, 
changes of part, and even losses of employment, which it has 
undergone in its deformed, transformed, and atrophied state. 
The same group of anatomical articulations supplies the arm 
and hand in man, the wing in the bat, the paw in the cat, 
the leg in the horse, the fin in the seal : the natatory bladder 
of the fish is the respiring lung of the mammal. We often 
find in birds a little useless bone on the border of the wing, 
furnished, when they are young, with a nail, without use, ex- 
cept as representing a degraded finger ; the crawling boa has 
vestiges of limbs, and we find in the slow-worm a rudimen- 
tary shoulder, sternum, and pelvis ; the same slow-worm has, 
in its youth, two small projecting tubercles, the surviving and 
temporary remnants of stunted hinder limbs. A part, then, 
has the property of exciting by its présence the présence of 
a whole System of parts, arranged according to a fixed pat- 
tcrn, which gives us the rough framework of the whole ani- 
mal, and has, besides, the property of determining by its 
structure and function, the structure and function of the other 
parts which gives us the whole structure and group of the 
functions of the complète animal. In this way, two proper- 
ties common to the éléments of the group explain nearly ail 
the characters of the group, and philosophical anatomy fur* 
nishes the reason of the laws which descriptive anatomy had 
ascertained. 

And so, in those human societies whose fixed or changing 
characters are the subject-matter of history, the éléments, 
which are readily seized, enable us to comprehend the whole. 
For thèse éléments are the human individuals of whom a 
Society at any given epoch is the collection only, and we 
hâve no diflfîculty in detecting their common characteristics. 
By means of existing records, and by the exact processes of 
methodical reconstruction, we are at présent able to suppress 
the distance of time so as to represent to ourselves by more 
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or less numerous specîmens, the Frcnchman or Englishman 
of the seventeenth ccntury or of the Mîddle Ages, thc 
ancient Roman and even the Hindoo of the Buddhîst epoch, 
to picture to ourselves hîs life, prîvate, pubh'c, industrial, ag- 
ricultural, political, religious, philosophical, literary, in short, 
to construct the descriptive psychology of hîs moral and 
mental state and the circumstantial analysis of his physical 
and social médium, then, to pass from thèse éléments to stiU 
simpler éléments, to discern the aptitudes and tendencies 
which werc found effective and prépondérant în ail the pro- 
cesscs of his mind and heart, to note the gênerai conceptions 
which dctermincd evcry détail of hîs ideas, to mark the gên- 
erai inclinations which determined the directions of ail hîs 
actions ; in short, to distinguish the primordial forces which, 
présent and în action at cach moment of the lîfe of each in- 
dîvidual, impress on the total group, that îs to say on the 
Society and thc âge, the characters which observation has rec- 
ognized therc.* Wherevcr we are able thus to isolate and 
observe the éléments of a compound, we can, from the prop- 
erties of the éléments, explain the properties of the com- 
pound, and, from a few gênerai laws, can deduce a host of 
partîcular laws. This is what we hâve done hère ; we hâve 
first descended by degrees to the ultimate éléments of cog- 
nition, to ascend thence stage by stage up to our sîmplest 
cognitions, apd thence, still by degrees, up to more complex 
ones ; in this scale, each step possesses its characters by the 
intervention of characters which were manifested în the lower 
steps. 

This is why, when, în this progressive décomposition, we 
arrive at compounds in which our consciousness, sensés, and 
instruments are unable to dîscover simpler éléments, expia- 
nt» tion is at a standstill and is reduced to conjectures. On 



* I hâve attempted to apply this method in many historical essa3rs, and hâve 
ezplained it in the préface to " Essais de Critique et d'Histoire," and in that to 
** Historié de la Littérature Anglaise.** 
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our road we hâve met wîth sensations, those of touch, snr^ell» 
and taste, in which we hâve been unable to distinguîsh ele- 
mentary sensations, and ail that analogy pemnits us is to con- 
cerve that there are such. A sîmilar limit îs created by a 
similar difficulty in the other expérimental sciences. — By 
means of the microscope, physiologists and embryogenists 
hâve resolved livîng tissues into anatomîcal éléments, little 
bodies which are most frequently cells of various forms and 
varîously groupcd ; but they hâve not grasped the éléments 
of the cell, they are ignorant of their properties, at least, 
they are notât présent ignorant of them; in the liquid form- 
less pulp which becomcs organized into a little cell furnîshed 
with a nucleus, they arc unable to distinguish the particles and 
à fortiori to distinguish their properties. At the most, they 
conjecture that thèse éléments are chemical molécules of ex- 
trême complcxîty, and that their mu tuai reactions group 
them in a certain visible form. — So again, chemîsts and phys- 
îcists establish by their experiments that the ultimate par- 
ticles of a homogeneous body are molécules or little masses 
exactly alike, that, if the body is simple like oxygen, each 
molécule is simple and consists entirely of oxygen ; that, if 
the body is compound like water, each molécule is composed 
of two or more little elementary masses, one of which is 
oxygen and the other hydrogen. But as to thèse molécules, 
no one has seen or can see them ; we are ignorant of their 
form, their weight, their distance, their mutual situation, the 
magnitude of the attracting and repelling forces which main- 
tain them in equilibrium, the amplitude and velocity of the 
vibrations which we suppose they hâve about a supposed 
centre of oscillation. At the most, following thèse indica* 
tions, we conclude that, from thèse unknown properties, are 
derived the known properties of the whole body, the greater 
or less affinity it has for some other body, the reaction it ex- 
cites or undergoes, the property it has of combining with 
some other body in definite and invariable proportions, the 
équivalence of a certain weight of the first and a certain 
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othcr weight of the second to combine with the same weight 

of a third, etc. 

In face of elementary sensations» living cells, chemical 
molécules, ethereal atoms, the scientific man is in the posi* 
tion of a short-sighted person before ant-hills of various kinds ; 
his dull sight can only attain effects of the mass* changes of 
the whole, the entire form of the édifice ; the littlc workmeff 
cscape him ; he does not see them labor. He can take a 
quarter or half of one of theîr constructions, can upset it 
with its inhabitants on another, can observe, first, an agita- 
tion, a confusion, then an abatement, an arrangement, and a 
new development ; nothing more. As he is a skilful handier 
of expérience and induction, he has finally recognized that 
thcre are in each heap invisible inhabitants, and in each dif- 
férent heap différent inhabitants, that certain mixtures suc- 
ceed bctter than others, that it is always necessary to pré- 
serve certain proportions, that aftcr the mixture the new 
édifice présents characters which are not manifested in either 
of the two unmixed heaps. But he would require far more 
piercîng eyes to discover the cconomy of the two primitive 
constructions, the instinct of their ants, the dealings set up 
between the two associated populations, and the final econ- 
omy of the subséquent édifice which they together construct. 
Assume that, in thèse societics of molécules we term bodies, 
the inhabitants and materials are one and the same thing; 
the comparison will be exactly applicable. 

Thus, at a certain limit, our explanation is at a standstill, 
and though, from âge to âge, we push it further on, it is 
possible that it may always stop before a certain limit. If 
cver we know exactly the form, distance, magnitude, and 
weight of molécules of oxygen or sodium, as well as the am- 
plitude and velocity of their oscillations, we shall perhaps be 
in face of a system analogous to our solar System, a kind of 
vortex whose roughly similar éléments require a further de- 
composition, and whose properties only admit of explanation 
by the whoUy différent properties of their éléments — so again. 
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with the éléments of theîr éléments, and so on, up to înfinîty. 
For magnitude is always relative ; there is nothing to prevent 
our molécules from having as éléments différent molécules as 
small with relation to them as they themselves are with rela- 
tion to a planet, and so on, without truce or termination. In 
this case, the successive layers of more and more simple 
factors would differ as the successive digits of a non-recurring 
décimal. — Perhaps, on the other hand, at a certain point of 
décomposition, ail différence between the compound and the 
factors is at an end, and the properties of the compound are 
nothing more than the sum of those of its factors, just as the 
whole weîght of a body is nothing more than the sum of the 
weights of its molécules ; in which case the limît would be 
attained, since, knowing the properties of the compound, we 
should thereby know the properties of its final éléments. In 
this case, the successive layers of more and more simple 
factors would be similar, after a certain limit, as are, after a 
certain limit, the successive digits of a recurring mixed frac- 
tion. — But whether the properties of the compound and its 
factors are similar or différent is of no importance ; and we 
învarîably direct our observations or conjectures to the proper- 
ties of the factors. The structure of things, then, îs the same 
in the sciences of expérience as in those of construction, and, 
în both, the explanatory and démonstrative intermediate 
which serves as a link between any property and any com- 
pound îs a character^ or a sum of characters, différent or 
similar, included in the éléments of the compound. 

IV. There remains a surplus of requîrement spécial to 
the expérimental sciences. When we construct by thought 
some number, some polygon, or some cylinder, we hâve not 
to explain its origin ; it does not in fact exist in nature ; it 
îs possible only, and not real. Perhaps îndeed, with a na- 
ture constituted like that which we observe, ît îs not possi- 
ble; but this is unimportant. We suppose its éléments 
combined in the required manner, and explain by theîr prop- 
erties the properties of the construction thus effected, with- 
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out encumberîng ourselves wîth the înquîry as to the forces 
by which they were themselves assembled. It is enough foi 
us that the compound is given ; we do not înquire why it i* 
given. — Things do not happen thus when real compounds 
are in question. We are bound to explain their properties 
by the properties of their éléments, and further, to explain 
the concurrence of their éléments. Then come în questions 
of origin, the most curions, but most difficult, of ail. For, as 
this concurrence is in most cases of very great antiquity, and 
can hâve had no witnesses, we can neither observe it directly 
nor know it by tradition, and are reduced to conjecture it from 
présent concurrences, which are but approximately similar, 
and are sometimes entirely wanting. AU the expérimental 
sciences hâve thus their historical chapter, more or less con- 
jectural, according as more or less précise indications, more 
or less correct analogies, more or less complète records, per- 
mît our mental reconstruction more or less exactly to replace 
the missing évidence of our consciousness or our sensés. 

For instance^ there is a question for the astronomer, as 
to the formation of the various planets, for the geologist, as 
to the formation of the successive strata of the outer crust of 
the globe, for the mineralogist, to discover how the différent 
rocks were formed, for the naturalist, to know how our species 
of plants and animais were formed, for the historian, to de- 
tcct the formation of the successive epochs of one and the 
same human society, and tlie différent traits of a national 
character. They ail start from an anterior state denoted by 
converging indications, or attested by transmitted records, 
and from this probable or certain state they deduce, accord- 
ing to existing lavvs, the foUowing state, then the next follow- 
ing state, and so on, up to the existing state. 

Thus Laplace assumes that our system was at first an im- 
mense nebula extending round a central nucleus ;* that this 
vast atmosphère, becoming condensed as it cooled, was dîvi- 



* * Exposition du Système du Monde/' ii. 425. 
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dcd înto concentric zones of vapor sîmîlar to the rings of Sat- 
urn ; that, by a subséquent condensation and cooling, thèse 
zones becamc coîlected înto planets, which were first gaseous, 
then liquid, then solid ; and, from this graduai condensation, 
combined with the law of gravitation, he deduces, by a mar* 
vellous adjustment, the principal characters and even the 
singular peculiaritîes which our system nowadays présents. 
— Taking up this supposition at the point where Laplace left 
ît, geologists trace with probability the thickening of the ter- 
restrial crust, and explain, from epoch to epoch, with gaps be- 
comîng gradually fewer, the déposition and superposition of 
the strata, their partial upheavals, their érosions, their rup- 
tures, the présent disposition of our continents and seas, by the 
prolonged play of the minerai or organic forces in the midst 
of which we are now still living.f — At their side, their allies, 
mineralogists and chemîsts, see that rocks and amalgams sîm- 
îlar to those which the carth présents are formed under their 
hands and eyes, by slow actions, by prolonged heat, by con- 
tinued compression, by molecular additioris,:j: and from the 
processes they now observe in their little artificial laborator- 
ies, they draw conclusions, with fitting précautions, as to the 
analogous processes by which the amalgam an 1 the rock were 
formed of old in the great laboratory of nature. 

Hère come in the naturalists. Darwin starts with a fun- 
damental character common to ail the species of animais and 
vegctables, the struggle for life, from which there follows the 
destruction of ail îndividuals less properly adapted to their 
médium, the exclusive survîval of the îndividuals best adapt- 
ed to their médium, the privilège thèse hâve of propagatîng 
the race, the successive acquisition of useful characters, the 
transmission to descendants of ail the accumulated treasure 
of useful characters, and finally, through this, the progressive 

t Sce, as to this, Lyell's " Principles of Geology." 

X Crystals of granité hâve been found at Plombières, in the concrète on which 
the Romans built. They hâve been formed there by the infihration of water for 
eighteen hundred years. — M. Daubrée and M. de Sénarmont hâve produced ia 
their laboratories a great number of natural compounds. 
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modification of tlie specîes, the graduai perfectîonmcnt of thc 
organs, and the slow adaptation of the individual to îts défin- 
itive médium. — Provided with this existing law, he explains, 
by its former présence, the assemblage of the organs of which 
Geoffroy Saint-Hilaire and Cuvier had ascertained the prop- 
erties. — By one of thèse properties the organ is a part în a 
plan and in a type ; that is, the legacy of a common ancestor. 
Ail mammals are dcscended from a mammal* " which had îts 
limbs constructed on the existing gênerai pattem which wc 
now find throughout thc wholc class." AU insects arc dc- 
scended from an insect ** which had an upper lîp, mandibles, 
and two pair of maxillae, thèse parts being perhaps very simple 
in form." If the type is found to be the same throughout so 
many différent species, ît is because ail thèse species repeat, 
by virtue of inheritance, the characterîstics of their common 
progenitor. — By the other of thèse properties, the organ is a 
uscful instrument which brings its structure and function înto 
harmony with those of the others, in such a way that the dif- 
férent species can subsist in their différent média ; this is be- 
cause, owing to continuous sélection, the common pattem be- 
queathed by the common progenitor is modified, hère in one 
direction, there in another, so as to accommodate its détails 
to the différences and changes of the médium. The same 
parts of the same limb become thin and elongated în the bat- 
shortened and soldered in the whale, so as to be fitted for fly- 
ing in the first case, and swimming in thc second. If thc 
type varies from species to species, it is because circumstance^ 
bave varied from group to group, and the variety of cîrcuui- 
stances has produccd the variety of acquisitions. — When this 
is settled, we are capable of tracing mentally through the im- 
mense duration of gcological periods, from thc protococcus and 
amœba up to man, the formation, addition, and assemblage 
of thc parts which now constitute an organized body. It is s 



• Darwin, on " The Origin of Species," p. 435.— See, as to the theoiy of cvo 
«tion as a whole, the very bold, précise, and most suggestive work of Herbei 
j jpencer, ** Principles of Biology.** 
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living édifice in which sélection has superimposed, from spe- 
cîcs to specîes, and upon a common type transmitted by în- 
heritance, useful différences. Just as, in a house, the carpen- 
ters and masons first construct the walls and lay down the 
floors, after which corne joîners, painters, and upholsterers to 
arrange the apartments. We see that the second set of work- 
men has succeeded to the first, to résume and complète the 
commenced construction. And so, many générations of an- 
cestors havc successively labored to construct each of our spe- 
cies. One of thèse générations, the primitive and most an- 
cient of ail, has established the most gênerai type which is 
common to ail animais of every subkingdom, articulate or 
vertebrate. The second, a later one, issuing from this last, 
has superimposed différences which constitute the class — that 
is to say the bird, the fish, or the mammal. Then has come 
the third, which starting with the mammal, has elaborated 
the transmitted work and formed families — that is to say the 
cetacea, the cheiroptera, the ruminantia, the camivora, the 
primates. Then, finally, hâve the descendants of the pri- 
mates, by their distinct developments and increasing diver- 
gencies, constituted gênera, the gorilla, the orang-outang, and 
man, the latter being distinguished from the rest by a partic- 
ular conformation of limbs, and a more délicate structure of 
the brain. 

Hère comes in the historian : he takes a people at a given 
moment. By the combined influence of the former state and 
of hereditary aptitudes and faculties, he explains the social, 
intellectual, and moral state at the given moment ; by the 
combined influence of this new state and of the same heredi- 
tary aptitudes and tendencies, he explains the social, intel- 
lectual, and moral state at the later moment, and so on, either 
by reascending the course of time from the contemporary 
cpoch up to the most ancient beginnings of history, or by de- 
sccnding the course of time from the most ancient beginnings 
of history down to the contemporary epoch. — We may con- 
ceive that in this prodigious évolution, which extends from 
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the formation of the solar System to that of modem man, the 
gaps are great and numerous ; this is in fact the case, and our 
materials for filling them are often reduced to conjectures. A 
history like this is a torn, blotted book, in which some chap- 
ters, the last especially, are almost entire, in which, of other 
earlier ones, there subsist but two or three scattered pages, 
in which, of the earliest chapters, the titles alone remain. — 
But every day a new discovery restores a page, and the sagac- 
ity of scientific men has detected some portion of the gênerai 
thought. Thus it is that, within the last fifteen years, we 
havc rediscovered the traces and marked the successive ad- 
vances of the human race preceding our geolog^cal epoch ; 
and an entirely récent law, that of the conservation of force, 
dérives by transformation ail existing forces from the primi- 
tive forces which the nebula of Laplace comprised in its ear- 
liest State.* 

From ail thèse great fragments of rigorous or approxima- 
tive explanation, a universal truth is manifested : that the 
question of orîgins is no more mysterious than that of char- 
acters. When given a compound, its properties are explained 
by the properties of its united éléments. When given this 
union, it is explained by the properties of thèse same élé- 
ments and by the antécédent circumstances. It is, like so 
many others, an effect only, and, like ail the others, it has as 
reason the combined présence of a group of fixed with a 
group of changing conditions. — To form the planet, there was 
a fixed State, the gravitation of the gaseous molécules carried 
round the central nucleus, and a changing condition, the pro- 
gressive coolîng and conséquent graduai condensation of thèse 
same molécules. — To form the specîes, there was a fîxed con- 
dition, the transmission of an older gênerai type, and chang- 
ing conditions, the new circumstances which, selecting the 
subséquent ancestors, added to the type the characters of the 
species. — To form a particular historical epoch, there was a 

* See, as to this, Helmholtz, " Mémoire sur la Conservation de la Force ' (tr 
Pérard), pp. 31-34 et seq. 
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fixed condition, the maintenance of the national character^ 
and a changing condition, the new state in which the nation 
happened to be placed on emerging from the preceding epoch. 
— Hence it follows that, in questions of origin, as in other 
questions, there is an explanatory and démonstrative interme- 
diate, that the re-union of the éléments has its reason of exis- 
tence, just as the characters of the compound hâve their rea- 
son of existence, that it is, like them, a product, and that ail 
the différence between the two products consists in this, that, 
as the first is historical and the second not historical, the first 
comprises a factor more than the second, namely, the influ- 
ence of the historical moment, that is to say of the prelimin- 
ary circumstances and the antécédent state. 

§111. 

I. Let the reader now coUect and glance over the conclu- 
sions to which we hâve just arrived ; he will find that they 
convei^e, and will be led by their convergence, towards a 
universal law of a higher order, which governs every law. 
Take any couple whatever of any data whatever ; as soon as 
they are actually connected, there is a reason, a because, an 
intermediate which explains, demonstrates, and nécessitâtes 
their connection. — This is true for cases, or couples of par- 
ticular data, just as for laws strictly so called, or couples of 
gênerai data ; there is a reason for the fall of this leaf which 
has just corne to the ground, and for the gravitation of ail 
the planets towards the sun, for this night's dew, and for the 
liquéfaction of ail vapor, for the beat of the puise I feel at 
this very moment in my wrist, and for the présence of any 
function or apparatus in any living being. — It is true for the 
laws in which the first datum is a more complex compound, 
as for the laws in which the first datum is a more simple 
compound ; there Is a reason for the total acts of a human 
Society, and for the individual acts of its members, for the 
properties of a chemical compound, and for the properties of 
its constituent substances, for the eifects of a machine, and 
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for the eflects of îts whcelwork. — It îs true again for the law! 
coiicernîng mental compounds as for the laws concemin| 
rcal compounds; there is a reason for the properties oi 
the ellipse or cylinder as for the propertîes of water or of 
granité. — It is true again for the laws governing the forma- 
tion of a ccmpound as for those by which it possesses ils char- 
acters ; there is a reason for the formation, as well as for the 
properties, of a planet or of a specîes. — But the most remark- 
able point is, that it is true for the laws whose explanation ii 
still wanting as for those whose explanation we now possess. 
There is a reason for the attraction which ail masses exercise 
on one another, for the properties of oxygen, for the forma^ 
tion of a living cell, for the origin of our nebula. At ail 
events, we believe this. We cannot show this reason, but wc 
are persuaded that it exists ; we anticipate it by a bold affirm- 
ation as to our future discoveries, and even as to discoveries 
which perhaps we shall never make. 

Besides this, we indicate beforehand the position anc 
principal characteristics of the intermediate which still escapei 
us. — We assume that if two masses attract one another, it i: 
by virtue of a simpler and more gênerai character, included ir 
the group of characters which constitute thèse masses, sucl 
as would be an încessantly repeated impulsion superaddin^ 
at every moment an effect to the preceding effect, which we 
express by saying that attraction îs a force whose action i* 
not momentary but continuous, which enables us to conçoive 
the vclocity of the falling mass as the sumofallthe velocitic* 
acquired sincc the first moment of its fall, which has led somc 
physicists to cxplain the attraction of two masses by the 
continuous impulsion of a surrounding ether. — We assume 
that if oxygen présents such or such characters, it is by 
virtue of simpler and more gênerai characters appertainîng to 
its éléments, and consisting of the masses, distances, and 
internai movements of its component atoms. — We assume 
that if a formless liquid becomes organîzed into a cell, it is 
owing to the mutual reactions and previous state of the very 
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complex partiales of which it îs the aggregate, and that if 
our ncbula formerly sprung into bcing, ît was due to the forces 
of its molécules, and to the influence of a previous state which 
we cannot, evcn by conjecture, represent to ourselves. — In 
our view, not only docs the explanatory and démonstrative 
intcrmcdiate exist in ail thèse couples, though it may élude 
our grasp : but further, it îs a sîmpler and more gênerai char« 
acter than the first datum of the couple, ît îs included in that 
datum and appertains to îts éléments, and the properties of 
that datum, as well as its origin, hâve as their ultîmate reason 
of exîstence the characters and prevîous state of îts ultîmate 
éléments. 

On thèse indications, our thought Aies ofT to extend this 
structure of thîngs beyond our world and hîstory, throughout 
the two gulfs of space and time, beyond ali the distances to 
which imagination can attain, beyond ail the confines which 
numbers or quantities, fruitlessly swollen and heaped to- 
gether, can dénote to the pure reason. Are we justified 
in actîng thus? And what motîves can we allège to au-» 
thorîze a supposition which anticipâtes, not only ail future 
expérience, but ail possible expérience, and învolves in the 
immensity of îts forecast the îmmensîty of the unîverse? 

IL Two séries of cases confront us, a considérable one 
made up of ail the facts and laws whose reason we know, 
another prodigiously dîsproportioned and înfinitely greater, 
since ît îs infinité and made up of ail the facts and laws whose 
reason we do not know. Hère are two indications, one 
positive, the other négative, one favorable to our supposi- 
tion, the other seemîngly unfavorable. — But this unfavora- 
bleness îs apparent only. For if, when we know the reason 
of a fact or law, we can conclude its exîstence, we cannot, 
from our ignorance of ît, conclude its absence. This reason 
may exist, though unknown, and, in fact, if we look back on 
the past States of our knowledge, we find that on many oc- 
casions it existed, though unknown. We sec daily, in pro- 
portion as science becomes extended and précise, the first 

18 
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séries increasing at the expense of the second, and analogy 
leads us to believe that cases still comprised in the second are 
similar to those which hâve ceased to be comprised in it 
The furthcr our extended expérience drives back our horizon 
ii; timc and space, the more explanatory reasons do we add to 
our store. It is sufficient to examine the history and nature 
of expérimental science to recognize that, if there wcre or 
Btill are voids in this store, it never arises from the explana- 
tory reason failing or having failed in things, but always from 
its failing or having failed in our minds. It was existing in 
nature ; but scientific men were imperfectly instructed, and 
had not yet discovered it. It now exists in nature ; but wc 
are unable, and perhaps shall never be able, to detect it there. 
The gap arises not through its absence, but through our ig- 
norance or impotence, and the fault is not in things, but in 
ourselvcs. — If in Kepler's days the motion of the planets 
could not be explained, it was because gravitation was then 
unknown. If, at présent, we arc unable to explatn why pure 
Carbon, according to its différent states, fumishes, with the 
same molécules, compounds as différent as the diamond and 
graphite, it is because we do not know the velocities and 
masses of its molécules, and so cannot define their various 
states of equilibrium. To detect the explanatory reason, 
as we hâve defined it, certain conditions are required, and 
if thèse conditions are not fulfilled, the reason may indeed be 
présent, we shall not be able to distinguish it. To detect the 
reason explaining the characters of a compound like graphite, 
it is neccssary that we should know the properties of its élé- 
ments, the molécules of carbon. To detect the reason which 
explains the origin of the first organic compound, it is neces- 
sary that we should know, besides the properties of its élé- 
ments, the primordial circumstances in which they were 
assembled. This is why we shall be unable, while thèse 
prcliminaries fail us, to know the explanatory reason. So 
long as they are attained by simple conjecture, it will be at* 
tained by simple conjecture, and we shall be at a greater o/ 
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less distance from ît, according as we are a greater or less 
distance from them. — Hence it follows that our ignorance of 
it is never an indication of its absence, from which it follows 
that we hâve no ground to suppose its absence, at any period 
even for events which preceded the origin of our nebula, or 
at any place even beyond the furthest points of the visible 
firmament. That our expérimental science has gaps îs incon- 
testable : but its structure is sufficient to account for them, 
and it is against ail the rules of hypothesis to account for 
them by the arbitrary and useless addition of an unascer- 
tained cause to the ascertained cause which is sufficient. 

Excluded on one sîde, presumptions are compelled to tum 
to the other. As there îs no choice except between the prés- 
ence and absence of the explanatory reason, the chances, 
whcn no longer in favor of its absence, become in favor of 
its présence, and the balance inclines towards the other scale. 
— It would incline further still in this direction if we could 
point out sciences free from the conditions imposed on ex- 
périmental science, and therebyfinding an explanatory reason 
for ail their laws. For such a contrast would afford room 
for the belief that the gaps of expérimental science hâve 
the conditions to which it is subject, not only as their 
sufficient, but also as their sin^/e cause; from which it would 
foUow that expérimental science, when freed from thèse con- 
ditions, would thereby fill up thèse gaps, and that the explan- 
atory reason, being everywhere discovered, would exist every- 
where. — Now this is precisely the contrast presented by th< 
sciences of construction when compared with the sciences of 
expérience. In the first, ail the explanatory and demonstra 
tive intermediates which connect any property to any com- 
pound, from the first to the last, are known and therefon 
exist ; there is not one of their laws which does not manifest 
and which therefore does not possess, its because and its rea 
son. — It is to be presumed, then, that if we could employ ir 
our expérimental sciences the processes we employ in oui 
sciences of construction, we should arrive at the same dis 
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coverics, and that just as every law in the last has its leason 
of existence, so has every law in the first. 

This probability becomes stronger stîll, when we observe 
that the laws of the second nnay be discovered, lîke the 
laws of the first, by the inductive method, and that if we 
follow this method in the second as in the first, the reason of 
the law then remains unknown though présent. Conse- 
quently, the inductive process is the sole cause of our ignor- 
ance in this case : hence it follows with ail probability that 
in other cases, that is to say in the expérimental sciences, it 
is still the sole cause of our ignorance, and that, in other 
cases as in this, the explanatory reason is always présent, 
though it may always élude us. — In fact, suppose, as we dîd 
before,* the case of a man of very exact and very patient miiid, 
very skillful at induction, but capable of induction only ; we 
request him to ascertain the number of right angles to which 
the angles of any quadrilatéral are together equal. Let us 
assume this time that he has at hand a number of perfect 
quadrilaterals, that his instruments of measurement are per- 
fect, and that he applîes them with perfect exactness. By a 
séries of inductions similar to those we hâve described, he 
will finally discover that the angles of every quadrilatéral of 
whatever kind, trapezium, parallelogram, rhombus, rectangle, 
or square, are together equal to four right angles ; but 
his knowledge of quadrilaterals will stop hère, that is to say 
at the point attained by the most advanced branches of our 
expérimental science. He will ascertain a law which will be 
inexplicable to him, just as some chemical or physical law is 
inexplicable to us. He will hâve connected to every quadri- 
latéral a constant property, the equality of its angles to four 
right angles, as we connect to every white crystal of carbon 
a constant property, octohedric structure. But he will not 
hâve discovered, any more than ourselves, the intermediate 
which nécessitâtes the connection. In his case, this interme* 
médiate is a property of the two elementary triangle? of which 

* Part ii, book iv., chap ii, p. 226. 
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the quadrilatéral is the possible sum. In our case, thisinter 
médiate is a property of the elementary molécules of whick 
the white crystal of carbon is the real sum. He will miss his 
întermediate, then, as as we miss ours, by a defect of method, 
which can be remedied in his case, but which cannot be renie- 
died in ours. We hâve, then, every ground for belief that if, 
like him, we could apply a rcmedy, and if to inductive ex- 
périence we could add, in our case, as in his, deductive analy- 
sis by way of supplément, the attained intermedîate would 
manifest its présence in our case as it does in his. 

We thus arrive at considering the sciences of construction 
as a preliminary copy, a reduced model, an indication reveal- 
ing to us what the sciences of expérience might be, an indi- 
cation similar to the little waxen édifice which architects 
construct beforehand with a more manageable substance, to 
represent on a small scale the proportions and total aspect of 
the great monument they are in process of erecting, and 
which perhaps they will never complète. — In fact, if we look 
at the idéal and the real world, we perceive that theîr struc- 
ture is similar. In the first, as in the second, there are élé- 
ments and compounds, éléments of éléments and compounds 
of compounds, objects capable of being classified, species, 
gênera, and families, families of lines and surfaces ranged be- 
ncathoneanother according to the degree of their équations, 
less gênerai laws explained by more gênerai laws, and a num- 
ber of other characteristics no less essential, and common to 
both. Therefore, the two orders are analogous. — But, be- 
sidcs, ail the materials of the first are found in the second. 
For we hâve seen that numbers, lines, surfaces, solids, mo- 
tions, velocities, forces, exist, not only în the mind, but also 
in nature; it is in nature that the mind discovers them, and 
from nature that it extracts them. Ail its spécial work con- 
sists in combining them in its own way, wîthout troubling it- 
self to inquire whether there are in nature real outlines which 
adapt themselves to the mental outlines, whether there îs any 
actual sphère or ellipse corresponding to the idéal sphère or 
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ellipse. — There remains, then, a single différence which sépar- 
âtes our artifîcial compounds from natural compounds ; the 
fîrst are more simple, and the second more compiex; Euclid*s 
straight line is simpler than the imperceptibly bent Une 
which a bail describes in the first mètre after it leaves the 
cannon ; the slightly indcnted ellipse dcscribed by a planet 
is more compiex than the geometrical ellipse. For this rea- 
son we study the mental compound before the real corn- 
pound, and the knowledge of the first leads us to the know- 
ledge of the second. Herein lies the whole secret of the ser- 
vices w hich the sciences of construction render to the sciences 
of expérience ; thus it is that the first hâve theîr application 
in the second. Given two compounds, one mental, the other 
real, they become adapted to one another with this differ 
ence, that the second comprises supplcmentary and perturb 
ing cléments in addition to the éléments which constitute 
the first, and this renders the first simpler, and the second 
more compiex. We take account, by turns, of this gênerai 
adaptation and this subsidiary différence. We discover by 
the sciences of construction, the properties of the first com- 
pound. tlic cfeometrical straight line or ellipse ; then, on ac- 
count of this gênerai adaptation, we attribute them provî^ 
sioually to the path of the bullet or the planet's ellipse» and 
thus obtain ideas which arc almost, but not wholly, exact 
Having donc this, on account of this subsidiary différence, 
we gladly introduce into our ideas the supplcmentary and 
perturbing éléments in nature which bend the path of the 
bail or indent the planet's ellipse. Thus, from the provisional 
path and ellipse, which were too simple, and therefore ap- 
proximate only, the mind passes gradually to the définitive 
path and ellipse which, while growing complicated, become 
exact. By this progressive rectification, our idea, which was 
at first rigorously adjusted to the idéal compound only, finally 
becomes rigorously adjusted to the real compound. It was 
in a science of construction that it took its origin, and it is 
in a science of expérience that it finds its use. 
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Hence follows a conséquence of capital importance, tliat 
at every place and time, outside our history and world, as 
well as in our history and world, the theorems are capable of 
being applied. In fact, it is sufficient for thîs that the real 
compounds, whether near or distant, should enter into our 
mathematical outlines, and they necessarily enter them, when 
they hâve number, situation, or form, when they posscss mo- 
tion, velocity, or mass, when they are subject to forces, that 
îs to say to any conditions of motion. Stuart Mill, then, is 
wrong to say that " in distant parts of the steliar régions, 
where the phenomena may be entirely unlike those with which 
we are acquainted, it would be folly to affirm confidei-tly the 
prevalence of any law, gênerai or spécial," and that, " any one 
accustomed to abstraction and analysis, who will fairly exer- 
cise his faculties for the purpose, will, when his imagination 
has once learnt to entertain the notion, find no difficulty in 
conceiving that in some one, for instance, of the many firma- 
ments into which sidereal astronomy now divides the uni- 
vcrse, events may succeed one another at random, without 
any fixcd law ; nor can anything in our expérience, or in our 
mental nature, constitute a sufficient, or indced any, reason 
for bclicving that this is nowhere the case." — No doubt it ia 
possible that bodies do not thcre attract one another. But 
there, as with us, if, through the application of any force, a 
body takes, for a time as short as we please, a uniform recti- 
linear motion, it will tend to continue it indefinitely ; for, the 
axiom being necessary, as soon as the first of its two data ex- 
ists in fact, the second cannot fail to exist in fact. — And 
moreover, whatever be the body and whatever be its motion, 
if this motion be regarded in a purcly mechanical aspect, it 
will, there as with us, be necessarily wholly determined by 
the magnitudes and directions of the forces whose effect it is J 
so that, there as with us, it will be found by the solution of a 
mechanical problem, and will only resist solution, if the com- 
plication of its cléments be so great that our formulae are not 
yet sufficicntly advanced to comprchend them ; for, not only. 
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as M'e hâve seen, are the sciences of construction» being nec» 
essary, universal, but again, their application is thereby uni« 
versai. Indeed real compounds, so far as they are formed of 
the same éléments as mental compounds, are subject to the 
samc universal and necessary laws, and nature, in this aspect, 
is nothing more than applied arithmetic, geometry, and me- 
chanics. 

It remains to be seen whether nature is not more than 
this. NoWy as far as we can judge, and according to récent 
discovcrics, ail changes of a body, physical, chemical» or vital, 
are reduced to movements of its molécules; and so again, 
heat, lîght, chemîcal aflFinities, electricity, gravity îtself per- 
haps, ail forces producing thèse changes and producing move- 
ment itself, are reduced to movements. Hence it follows 
that in visible nature there are nothing but bodies in mo- 
tion, bodies motor or movable, motor and movable in turn, 
motor when their preliminary motion is the condition of the 
motion of another, movable when their consécutive motion 
is the cffect of the motion of another ; whîch reduccs ail 
corporeal change to the passage of a certain quantity of 
motion transferred from the motor to the movable body, an 
opération which, as we are assured, takes place wîthout gain 
or loss, so that at the end of the circuit, the expenditure is 
exactly covered by the receîpt, and the final force is found 
to be equal to the initial force. — If this admirable réduction 
were true, first for our world, and then besides for ail beyond 
our world, not only ail our physical, chemical, and physiolo- 
gîcal problems, but further ail problems conccming any 
actiia! body whatever, would be at bottom pure mechanical 
problems. Observable compounds would differ in nothing, 
except complication, from constructed compounds ; and just 
as the formation, properties, altérations, and transformations 
of every mental compound, whether arithmetical, geometri- 
cal, or mechanical, hâve their reason of existence, so would 
there be a reason of existence for the formation, properties, 
altérations, and transformations of every real compound. 
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III. We have hère considérable probabilitîes, and may 
sum them up by saying that there is no analogy to authorize 
our supposing the absence, in any case, of the explanatory 
reason, while many analogies lead us to suppose its présence 
în ail cases. Still we have hère probabilities only, and must 
examine whether the enounccd principle has no better sup- 
port. On commencîng any new inquiry, scicntific men as- 
sume the principle, and indeed, are compelled to do so ; for, 
without it, as we have seen, thcy could not perform induc- 
tion.* Given any phenomcnon, they invariably assume be- 
forehand conditions forming its reason of existence and whose 
reunion is sufficient to produce it, so that the phenomenon 
cannot fail in any of the cases in which thèse conditions are 
reunited. " There is an absolute determinism," says Claude 
Bernard,f " in the conditions of existence of natural phe- 
nomena, aswellforliving,asfor inanimate bodies. . . . When 
the condition of a phenomenon is once known and fulfilled, 
the phenomenon must invariably and necessarily be repro- 

duced at the will of the expérimenter Phenomena 

can never contradict one another if they are observed under 
the same conditions ; if they exhibit variations, thîs neces- 
sarily dépends on the intervention or interférence of other 
conditions which cloak or modify thèse phenomena. Hence 
there is room for attempting to know the conditions of thèse 
variations ; for we could not have the effect there, without 
a caiîse. This determinism thus becomes the basis of ail 
scientific progress and criticism. If, on repeating an experi- 
ment, we find discordant or even contradictory results, we 
ought never to admit real exceptions or contradictions, for 
this would be anti-scientific ; we must simply and necessarily 
conclude that there are différences of conditions in the phe- 
nomena, which may or may not hère explain them. ... As 
soon as the laws are known, we cannot have exceptions. . . • 



^ Part ii. book iv. cKap. H. p. 202 anie, 
f " Introduction H Vétude de U Médecine Expérimentale," pp. 11$ ei séy. 
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We must forccdly admit as an axiom that, in identical con- 
ditions, cvcry phenomenon is identical, and that as soon as the 
conditions are no longer the same, the phenomenon ceases 
to be identical." We see that tYit'wovàsnecessarilyjforced/y^ 
axiofHy are hère employed. — Helmholtz employs équivalent 
expressions.* According to him, we cannot otherwise con- 
ceîve the world. Our eyes cannot perceive extension except 
as colorcd ; and so, our intelligence cannot conceive facts ex- 
cept as explicable. There is nothing conceivable by us ex- 
cept what is explicable, just as there is nothing visible by us 
except what is colored. The internai eye has, like the ex- 
ternal, its innate structure from which it cannot be set free, 
and which imposes on ail its conceptions a necessary charac- 
ter. Helmholtz seems hère to believe that this constraint 
has for ultimate cause, the structure of our mind. — With 
him and Claude Bernard, we recognize the constraint as a 
fact ; but we do not conceive its ultimate cause to be in the 
structure of our mind ; forwe hâve already seen many analo- 
gous necessities of bclief. There is one such for each of the 
axioms of mathematics; they ail exert on our mind the same 
asccndancy as the axiom of explanatory reason; and still, 
we hâve demonstrated them ; we hâve shown that they hâve 
a foundation in things, that they are valid, not only for us, 
but in themselves, that their empire is absolute, not only 
over our intelligence, but also over nature, that if the two 
ideasby which we conceive them are forcedly connected, îtis 
because the two data which constitute them are also forcedly 
connected, and that, if the constraint experienced by our 
mind in their présence has, as first cause, our mental struct- 
ure, it has, as ultimate cause, the adjustment of our mental 
structure to the structure of things. It is probable, then, 
that this great axiom is of the same nature as the rest, and 
that analysis will, as with the rest, be sufficient to dc/noji. 
strate it. 



• « 
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Take a couple of actually connectée! data, one subject oi 
less gênerai, the other attribute or more gênerai. We ex- 
press thc same thing by saying that the subject possesses 
the attribute. This attribute may be more or less transitory 
or permanent ; for instance, in this falling drop of rain, the 
fall is an entirely momentary and transitory attribute, since 
it is at an end when once the drop has touched the earth ; 
the chemical structure is a more permanent attribute, since a 
chemical combination or décomposition is needed to destroy 
it ; weight is an entirely permanent attribute, since there is 
no known circumstance which can suppress it. — Hère, as in 
ail true propositions, the subject possesses the attribute 
whether transitory or permanent, and, as we see, the attri- 
bute is more gênerai than it, that is to say, common to other 
subjects than it. — I say now that there is an explanatary rea- 
son for this possession of the attribute by the subject, and, 
by explanatory reason, is meant, as we hâve shown, one or 
more characters of the subject, included in it like a fragment 
in a whole, more abstract and more gênerai than it, and 
which, bcing themsclves connected to the attribute, conncct 
the attribute to the subject. This, then, amounts to saying 
that the attribute is not connected to the whole entire sub- 
ject itself, but to one or more abstract and gênerai characters 
of the subject. 

To demonstrate this proposition, let us analyze in tum 
the attribute and the subject. We hâve said that the attri- 
bute is common to the subject and to others. This means 
that it is the samc in the subject and in others. Thus the 
fall, the chemical structure, the weight, are the same in one 
drop of rain and in its neighbors. Thus the equality of the 
opposite sides is the same in this parallelogram and in ail 
parallelograms, in the right-angled parallelogram and in the 
parallelogram whose angles are not right. Therefore, to say 
that the subject possesses an attribute common to it and to 
others, is to say that other subjects, real or possible, pos- 
sess the same attribute as it. The equality of the opposite 
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sides is the same in my parallelogram and in this other one; 
the chcmical structure is the same in my drop of raîn and in 
this other one. In other words, taken in îtself, wîth the 
omission and suppression of the distinct subjects in which 
thcy réside, the equality of the opposite sides of my paralIeU 
op;ram is confounded with the equality of the opposite sides 
of the other, and the chemical structure of my drop of raîn 
is confounded with the chemical structure of the other, just 
as a particular triangle, when detached from the position xt 
occupies, and transferred by superposition upon some other, 
coïncides with the other and is absolutely confounded with it. 
Let us now consider the subject. What we call a subject, 
a distinct subject, is a sum or reunion of characters which do 
not ail occur rigorously the same in any other subject, how- 
ever similar we may imagine it. This drop of rain, even if 
wc suppose it to hâve a form, volume, température, and in- 
ternai structure, exactly the same as the one next to it, or fol- 
lowing it, further possesses characters which are not possessed 
cithcr by the one next to it or the one followîng it, namely, 
its situation in time with référence to those preceding it, and 
in space, with référence to those surrounding it. This par- 
allelogram, even if we suppose its sides precisely the same in 
Icngth and its angles exactly the same in expansion as the 
sides and the angles of the other, possesses in addition at least 
one charactcr which the other does not possess, namely, its 
particular position in space, on my paper, or on this board. 
The analysîs is the same, if in this place of an individual 
subject, as this drop of rain or this parallelogram, we consider 
a more or less gênerai subject, like the parallelogram in itself 
or water in gênerai. Water is liquid like mercury, and the 
parallelogram has its opposite sides equal like the regular 
hexagon ; but water compared with mercury, just as the 
parallelogram compared with the regular hexagon, is a distinct 
subject, which, being distinct, forcedly possesses, like this drop 
of rain, one or more characters by which it is distinguished 
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fiom cvery other more or less simiiar subjcct wîth which ît is 
comparcd. 

Hère, then, we arrive at thîs conclusion, that our sub- 
ject, being distinct from another subject, is not the same^ ::nd 
nevcrtheless, possesses the same attribute. Let us replace Ihe 
tt-Tms by their définition. Distinct subject, signifies sum or 
réunion of characters of which one or more are absent in the 
other subject : it is to this sum or reunion that the attribute 
directly or indirectly appertains. Hence three possible hy- 
pothèses, and thfee hypothèses only. — Either the attribute 
appertains directly to the sum of reunited characters ; or ît 
appertains indirectly, that is, by appertaining to that portion 
of the sum which is composed of characters absent in the 
other subject, or by appertaining to the other portion. Now 
the two first hypothèses are contradictory. — In fact on the 
one hand, the attribute cannot appertain to that portion of 
the sum which is composed of the characters absent in the 
second subject ; for then it would not appertain to the second 
subject, in which those characters are wanting; now, by 
définition, the attribute belongs to that subject. — On the 
other hand, the attribute cannot belong to the sum of the 
united characters ; for then it would not belong to the second 
subject, in which this réunion is wanting ; now, by définition, 
ît belongs to that subject. — Thèse two suppositions being 
excluded, the third alone remains. Hence it foUows that the 
attribute belongs to that portion of our subject which is 
composed of characters présent in it and in the second sub- 
ject, that îs to say common to both, that is to say, gênerai. 
Hence it also foUows that it appertains solcly to a portion of 
our subject, in other words to a fragment, to an extract, to 
an abstract included in our subject ; which is what had to be 
proved.* 



* We hftYe just demonstrated Uie axiom by means of the notion of ùUniify, 
we can also demonutrate it by means of the notion of ituHffereme; and this seo 
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The axîom, thus demonstrated and understood, is readil> 
seen to reduce itself to the enunciation of the conséquences 
of a mental construction. Just as witb other axioms, it 
develops a pure supposition ; this it develops by detecting 
something the same in the two data it connects, and it is re- 
duced to the principles of identity, of the alternative, and of 
contradiction. So again, it lays down no datum as real ; ali it 
establishes is an outline to which real data may adapt them- 
selves. It does not affirm that there are in fact distinct 
subjccts, nor that two or more distinct subjects possess in 
fact the same attribute. Expérience alone can instruct us as 
to this. — But, when expérience has instructed us, and when, 
on considering ail the propositions of our expérimental 
sciences, we find throughout nature distinct subjects pos- 
sessed of the same attribute, then the axiom applies : being 
demonstrated like a geometrical axiom, it has the same range, 
and, like a geometrical axiom, it extends its empire, not only 



ond démonstration is well suited to the particular form onder which the axiom 
has been prcsented by Claude Bernard. 

When given a subject under certain circumstances, take a second subject 
exactiy similar to the first, and in circumstances exactiy similar to the first circum- 
&tances, so that there may bc no différence between the first and second case bat 
that of time or place. Let us further assume that this différence is indiffèrent, 
that is to say, without influence or any event which occurs in the first subject, and 
that, in relation to this event, it may be considered as null. — This supposition is 
not always tnie ; the time and position hâve often an influence ; the same heavy 
body falls more quickly in the second minute than in the first ; the same pendu- 
lum oscillâtes differently at the bottom of a mine and at the summit of the adjacent 
mountain. — But subséquent expériences intervene to confirm or contradict our 
supposition, and, whether confirmed or contradicted, we shall leam something by 
it. Meanwhile, let us consider it as a pure mental construction, and see what 
follows from it. Since, by supposition, the différence of the two cases has no 
influence or is nuli^ the second case is absolutely and rigorously confounded 
with the first, and may be substituted for it as legitimately as any triangle may 
for another equal and similar triangle ; therefore, the event which occurs in the 
first subject will also occur in the second, or, to use Claude Bemard's expression, 
** in identical conditions, phenomena are identical." — The reader M'ill observe the 
analogy of the axiom thus enounced and proved with the above demonstrated 
axioms of mechanics. 
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over ail fragments of duratîon and extension wUch are acces- 
sible to our observation, but beyond and to infinîty, to ail 
points of duratîon and extension in which two distinct subjects 
présent the same attribute. 

Hence follow vast conséquences, and first of ail the procf 
of the principle on which induction rests. We had only sup- 
posed it true, provisionally and by analogy ;* we had only 
assumed that a gênerai character invariably indicates the 
présence of another gênerai character to which ît is connec- 
ted ; we are now able to demonstrate this présence. — A gên- 
erai character is an attribute, the same in several distinct 
subjects. Now, according to the axiom, it does not appertain 
to such or such a distinct subject directly, but to ail indirectly 
by the intermediate link of a portion common to them, and 
which, in this respect, is a gênerai character ; in this way, it 
supposes the présence of another gênerai character to which 
it belongs ; thus, its présence is sufficient to g^uarantee to us 
the présence of this other. — Moreover, this other character 
to which the first appertains is gênerai ; in other words, the 
first appertains to the second, whatever be the subject, what- 
ever the médium, whatever the place, whatever the moment ; 
in other words again, the présence of this other is sufficient 
to involve, and therefore to guarantee to us, the présence of 
the first. — Thus, in gênerai, the présence of the one, which 
is already known, is sufficient to guarantee to us the présence 
of the other, which is as yet unknown, and which we are 
attempting to discover. Now, we hâve seen that on this 
sufficiency are founded ail the processes of élimination, the 
methods of agreement and différence, of which induction is 
composed. 

On the other hand, take any subject considered at two 
successive moments, and in which some particular attribute 
is the same at both moments, that is to say common to the 
two moments, and consequently, gênerai. Aftcr what we 



* Part iL book iv. ch. ii. p. 202 ante. 



288 ^-^^ KXOWLEDGE QF CLXEKAL TIIINCS. [BooK IV 

have jiist said, this attribute has its condition» which is a 
character common to both moments of the subject ; and, as 
its condition is sufficient to invoive it, while its condition 
persists, it will itself persist. Consequcntly, if, in fact, at the 
third moment it ceases to exist, this is because its condition 
bas ceased to exist ; hence it finally follows that the suppres- 
sion of a character has, as condition, the suppression of another 
character. Now every altération in a subject is the suppres- 
sion of one of its characters, so that every altération has a 
condition, which we express by saying that it has a cause; 
and that this cause is another altération. Hère we have the 
axiom of causalty ; considered with référence to the axiom 
of explanatory reason, it is a conséquence and an application 
of that axiom. That axiom has many others. Leibnitz, 
who termed it Principle of Sufficient Reason, constructed 
from it ail his idea of the universe. And, in fact, it is by 
this axiom that we arrive at the highest conception of a 
gênerai aggregate, at the idea of one necessary whole, at the 
persuasion that existence is itself explainable. For, since 
existence is a gênerai character, and the most gênerai of ail 
characters, we must conclude from our axiom that it has, like 
every gênerai character, its condition or explanatory reason, 
other than itself. Mathematicians assume nowadays that 
real quantity is only a case of imaginary quantity, a spécial 
and singular case, in which the éléments of imaginary quantity 
présent certain conditions which are wanting in the other 
cases. May we not similarly assume that real existence is 
only a case of possible existence, a spécial and singular case, 
in which the éléments of possible existence présent certain 
conditions which are wanting in the other cases ? With this 
assumption, may we not inquire into thèse éléments and thèse 
conditions ? We are hère on the threshold of metaphysics. 

We will not enter ; we are hère concerned with cognitions 
alone. The reader has seen how they are formed, and by 
what adjustments they correspond to things. They have, as 
materials, sensations of various kinds, some primitive and 
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excitedy others spontaneous and revîvîng, attatrhed to one 
another, counterbalanced by one anotlier, purposely organized 
by their connections and their antagonism, composed of ele- 
mentary sensations smaller than themselves, thèse again of 
still smaller ones, and so on, till their différences are finally 
effaced and permit us to divine the existence of wholly similar 
infinitésimal éléments whose various arrangements explain 
their various aspects. — Thus in a cathedral, the ultimate 
éléments are grains of sand agglutinated into stones of various 
forms, which, attached in pairs, form masses, whose thrusts 
oppose and balance each other ; ail thèse associations and ail 
thèse mutual pressures being co-ordinated in one grand har- 
mony. Such îs the simplicity of the means, and such the 
complication of the effect, and both the simplicity and the 
complication are as admirable in the mental as in the real 
édifice. 
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